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Texas Instruments (TI) reserves the right to make changes to its products or to discontinue any 
semiconductor product or service without notice, and advises its customers to obtain the latest 
version of relevant information to verify, before placing orders, that the information being relied 
on is current. 


TI warrants performance of its semiconductor products and related software to the specifications 
applicable at the time of sale in accordance with TI's standard warranty. Testing and other quality 
control techniques are utilized to the extent TI deems necessary to support this warranty. 
Specific testing of all parameters of each device is not necessarily performed, except those 
mandated by government requirements. 


Certain applications 
using semiconductor 
products 
may involve potential 
risks of death, 


personal injury, or severe property or environmental damage ("Critical Applications"). 


TI SEMICONDUCTOR 
PRODUCTS ARE NOT DESIGNED, INTENDED, AUTHORIZED, OR 
WARRANTED TO BE SUITABLE FOR USE IN LIFE-SUPPORT APPLICATIONS, 
DEVICES 
OR SYSTEMS OR OTHER CRITICAL APPLICATIONS. 


Inclusion of TI products in such applications is understood to be fully at the risk of the customer. 
Use of TI products in such applications requires the written approval of an appropriate Tl officer. 
Questions concerning potential risk applications should be directed to TI through a local SC 
sales office. 


In order to minimize risks associated with the customer's applications, adequate design and 
operating safeguards should be provided by the customer to minimize inherent or procedural 
hazards. 


TI assumes 
no liability for applications 
assistance, 
customer 
product 
design, 
software 
performance, or infringement of patents or services described herein. Nor does TI warrant or 
represent that any license, either express or implied, is granted under any patent right, copyright, 
mask work right, or other intellectual property right of TI covering or relating to any combination, 
machine, or process in which such semiconductor products or services might be or are used. 


Texas Instruments 
(TI) offers an extensive 
line of industry-standard 
and leadership 
operational 
amplifier 
and 
comparator 
products. 
The technologies 
represented 
in this book include 
traditional 
bipolar 
through 
BiFET, 


Excalibur, 
LinCMOSTM, Advanced 
LinCMOSTM, and LinBiCMOSTM 
processes. 


The Operational 
Amplifier/Comparator 
Data Books 
(Volumes 
A and B) provide 
information 
on an extensive 
listing of TI operational 
amplifier 
and comparator 
products: 


• 
Audio 
Power Amplifiers: 
Low Voltage, 
Low Power, High Output 
Power, and Low Distortion 
• 
Precision, 
Self-Calibration 
(Self-Cal]) 
Amplifiers 
• 
Advanced 
LinCMOS: 
Rail-to-Rail 
Output, 
High Output 
Drive, 
Low Noise, 
and Low Voltage 
• 
Internally 
Compensated 
Amplifiers: 
Single, 
Dual, and Quadruple 
• 
Noncompensated 
Amplifiers: 
Single and Dual 
• 
Excalibur: 
High Speed, 
Low Power, Precision, 
JFET 
Input, High Output 
Drive, and Low Noise 
• 
Various 
Temperature 
Ranges: 
Commercial, 
Industrial, 
Automotive, 
Military, 
and Extended 


Since the release of our last databook, 
Texas Instruments 
has introduced 
several 
members 
of our new audio 
power-amplifier 
product 
line. These 
devices 
are denoted 
with the TPA (TI Power Amplifiers) 
prefix and offer 
the designer 
high-fidelity 
output for low-voltage 
applications. 
Several 
products 
are optimized 
for 3-V and 5-V 
operation 
and offer shutdown 
capability 
for extended 
life in battery-powered 
applications. 
Typical 
distortion 
levels are <1 % THD+N 
and along with high ac power supply rejection 
ratio (PSRR) 
provide the user with high- 
fidelity 
outputs. 


• 
New audio 
power amplifier 
product 
line (TPAxxxx) 
• 
New additions 
to our low-voltage 
CMOS 
rail-to-rail 
output 
operational 
amplifier 
family 
• 
Amplifier 
and comparator 
products 
available 
in the SOT-23 
package 
• 
Precision 
Self-Calibration 
(Self-Cal]) 
amplifier 
products 
• 
New family 
of ultra-fast, 
low-power 
comparators 
• 
Expanded 
product 
characterization 
over supply 
voltage 
and temperature 
• 
Complete 
mechanical 
specifications 


The first section 
of each volume 
contains 
an alphanumeric 
listing, 
a selection 
guide, 
and a cross 
reference 
for each type of device. 
The alphanumeric 
listing in the book includes 
all the devices 
contained 
in volumes 
A and B of the Operational 
Amplifier/Comparator 
Data Book. The sections 
in each book are numbered 
con- 
secutively 
across volumes 
(Sections 
1, 2, 3, and 4 are in Volume A and sections 
5, 6, 7, 8, and 9 are in Volume 
B). Thus, the reader 
can easily find the particular 
volume 
for a given device. 


Due to the great number 
of devices 
available 
from TI, the selection 
guide for the operational 
amplifiers 
is bro- 


ken down into nine primary 
categories 
with a complete 
alphanumeric 
listing at the end. The audio power am- 
plifier, comparator 
and special function 
selection 
guides are a complete 
alphanumeric 
listing. The cross refer- 
ences 
in Section 
1 help to identify 
devices 
that are comparable 
to other manufacturers 
and older TI parts. 


The last section 
in each volume 
contains 
ordering 
information 
and mechanical 
data for the devices 
in that 
particular 
volume. 


While these volumes 
offer information 
only on the amplifier 
and comparator 
devices 
available 
now from TI, 
complete 
technical 
data for upcoming 
analog 
or any other TI semiconductor 
product 
is available 
from your 
nearest TI field sales office, 
local authorized 
distributor, 
or by writing 
directly 
to: 


Texas Instruments 
Incorporated 
Literature 
Response 
Center 
P.O. Box 809066 
Dallas, 
Texas 75380-9066 


Also, please 
visit us on the world wide web at www.tLcom. 
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LF347 
3-3 
LF347B 
3-3 
LF351 
3-5 
LF353 
3-7 
LF411C 
3-9 
LF412C 
3-11 
LM111 
7-3 
LM118 
3-13 
LM124 
3-17 
LM124A 
3-17 
LM139 
7-19 
LM139A 
7-19 
LM148 
3-25 
LM158 
3-29 
LM158A 
3-29 
LM193 
7-27 
LM193A 
7-27 
LM211 
7-3 
LM218 
3-13 
LM224 
3-17 
LM224A 
3-17 
LM239 
7-19 
LM239A 
7-19 
LM248 
3-25 
LM258 
3-29 
LM258A 
3-29 
LM293 
7-27 
LM293A 
7-27 
LM306 
7-33 
LM311 
7-3 
LM311Y 
7-3 
LM318 
3-13 
LM324 
3-17 
LM324A 
3-17 
LM324Y 
3-17 
LM324x2 
3-39 
LM339 
7-19 
LM339A 
7-19 
LM339Y 
7-19 
LM339x2 
7-41 
LM348 
3-25 
LM358 
3-29 
LM358A 
3-29 
LM358Y 
3-29 
LM393 
7-27 
LM393A 
7-27 
LM393Y 
7-27 
LM2900 
3-43 
LM2901 
7-19 
LM2901Q 
7-19 
LM2902 
3-17 
LM2902Q 
3-17 


LM2903 
7-27 
LM2903Q 
7-27 
LM2904 
3-29 
LM2904A 
3-29 
LM2904Q 
3-29 
LM3302 
7-45 
LM3900 
3-43 
LP111 
7-49 
LP211 
7-49 
LP239 
7-53 
LP311 
7-49 
LP339 
7-53 
LP2901 
7-53 
LT1013 
3-51 
LT1013A 
3-51 
LT1013D 
3-51 
LT1013Y 
3-51 
MC1458 
3-75 
MC1558 
3-75 
MC3303 
3-79 
MC3403 
3-79 
NE555 
8-3 
NE555Y 
8-3 
NE556 
8-17 
NE5532 
3-85 
NE5532A 
3-85 
NE5534 
3-89 
NE5534A 
3-89 
OP07C 
3-95 
OP07D 
3-95 
OP07Y 
3-95 
RC4136 
3-101 
RC4558 
3-105 
RC4558Y 
3-105 
RM4136 
3-101 
RM4558 
3-105 
RV4136 
3-101 
RV4558 
3-105 
SA555 
8-3 
SA556 
8-17 
SE555 
8-3 
SE555C 
8-3 
SE556 
8-17 
SE556C 
8-17 
SE5534 
3-89 
SE5534A 
3-89 
TL022 
3-111 
TL026 
8-21 
TL031 
3-115 
TL031A 
3-115 
TL032 
3-115 
TL032A 
~.. . . .. . . .. . . .. 
3-115 
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TL034 
3-115 
TL034A 
3-115 
TL034Y 
3-115 
TL051 
3-169 
TL051A 
3-169 
TL051Y 
3-169 
TL052 
3-169 
TL052A 
3-169 
TL052Y 
3-169 
TL054 
3-169 
TL054A 
3-169 
TL054Y 
3-169 
TL061 
3-233 
TL061A 
3-233 
TL061 B 
3-233 
TL061Y 
3-233 
TL062 
3-233 
TL062A 
3-233 
TL062B 
3-233 
TL062Y 
3-233 
TL064 
3-233 
TL064A 
3-233 
TL064B 
3-233 
TL064Y 
3-233 
TL064x2 
3-255 
TL070 
3-265 
TL071 
3-279 
TL071A 
3-279 
TL071 B 
3-279 
TL072 
3-279 
TL072A 
3-279 
TL072B 
3-279 
TL074 
3-279 
TL074A 
3-279 
TL074B 
3-279 
TL074x2 
3-295 
TL081 
3-307 
TL081A 
3-307 


TL081B 
3-307 
TL082 
3-307 
TL082A 
3-307 
TL082B 
3-307 
TL082Y 
3-307 
TL084 
3-307 
TL084A 
3-307 
TL084B 
3-307 
TL084Y 
3-307 
TL084x2 
3-327 
TL393 
7-59 
TL393Y 
7-59 
TL441 A 
8-29 


The devices in BOLD type are new to this data book. 
t This device is in the Advanced Information stage of development. 


TL592B 
8-43 
TL712 
7-65 
TL714 
7-69 
TL2828Y 
3-337 
TL2828Z 
3-337 


TL2829Y 
3-343 
TL2829Z 
3-343 
TL3016t 
7-73 
TLV3016yt 
7-73 
TL3116t 
7-83 
TLV3116yt 
7-83 
TLC139 
7-93 
TLC251 
3-357 
TLC251A 
3-357 
TLC251 B 
3-357 
TLC251Y 
3-357 
TLC252 
3-375 
TLC252A 
3-375 
TLC252B 
3-375 
TLC252Y 
3-375 
TLC25L2 
3-375 
TLC25L2A 
3-375 
TLC25L2B 
3-375 
TLC25L2Y 
3-375 
TLC25M2 
3-375 
TLC25M2A 
3-375 
TLC25M2B 
3-375. 


TLC25M2Y 
3-375 
TLC254 
3-395 
TLC254A 
3-395 
TLC254B 
3-395 
TLC254Y 
3-395 
TLC25L4 
3-395 
TLC25L4A 
3-395 
TLC25L4B 
3-395 
TLC25L4Y 
3-395 
TLC25M4 
3-395 
TLC25M4A 
3-395 
TLC25M4B 
3-395 
TLC25M4Y 
3-395 
TLC271 
3-415 
TLC271A 
3-415 
TLC271 B 
3-415 
TLC272 
3-485 
TLC272A 
3-485 
TLC272B 
3-485 
TLC272Y 
3-485 
TLC27L 1 
3-521 
TLC27L 1A 
3-521 
TLC27L 1B 
3-521 
TLC27L2 
3-551 
TLC27L2A 
3-551 
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TLC27L2B 
3-551 
TLC27M2 
3-583 
TLC27M2A 
3-583 
TLC27M2B 
3-583 
TLC274 
3-617 
TLC274A 
3-617 
TLC274B 
3-617 
TLC274Y 
3-617 
TLC274x2 
3-653 
TLC27L4 
3-669 
TLC27L4A 
3-669 
TLC27L4B 
3-669 
TLC27L4Y 
3-669 
TLC27M4 
3-705 
TLC27M4A 
3-705 
TLC27M4B 
3-705 
TLC27M4Y 
3-705 
TLC277 
3-485 
TLC279 
3-617 
TLC27L7 
3-551 


TLC27L9 
3-669 
TLC27M7 
3-583 
TLC27M9 
3-705 
TLC339 
7-93 
TLC339Q 
7-93 
TLC352 
7-109 
TLC354 
7-117 
TLC354Y 
7-117 
TLC371 
7-127 
TLC371Y 
7-127 
TLC372 
7-137 
TLC372Q 
7-137 
TLC372Y 
7-137 
TLC374 
7-149 
TLC374Q 
7-149 
TLC374Y 
7-149 
TLC393 
7-161 
TLC393Y 
7-161 
TLC551 
8-49 
TLC551Y 
8-49 
TLC552 
8-61 
TLC555 
8-69 
TLC555Y 
8-69 
TLC556 
8-81 
TLC556Y 
8-81 
TLC1078 
3-741 
TLC1079 
3-741 
TLC2201 
3-767 
TLC2201A 
3-767 
TLC2201 B 
3-767 
TLC2201Y 
3-767 
TLC2202 
3-767 


TLC2202A 
3-767 
TLC2202B 
3-767 
TLC2202Y 
3-767 
TLC2252 
3-821 
TLC2252A 
3-821 
TLC2252Y 
3-821 
TLC2254 
3-821 
TLC2254A 
3-821 
TLC2254Y 
3-821 
TLC2262 
3-875 
TLC2262A 
3-875 
TLC2262Y 
3-875 
TLC2264 
3-875 
TLC2264A 
3-875 
TLC2264Y 
3-875 
TLC2272 
3-931 
TLC2272A 
3-931 
TLC2272Y 
3-931 
TLC2274 
3-931 
TLC2274A 
3-931 
TLC2274Y 
3-931 
TLC2652 
3-983 
TLC2652A 
3-983 
TLC2652Y 
3-983 
TLC2654 
3-1007 
TLC2654A 
3-1007 
TLC2654Y 
3-1007 
TLC2801Y 
3-1031 
TLC2801Z 
3-1031 
TLC2810Y 
3-1043 
TLC2810Z 
3-1043 
TLC2872Y 
3-1 065 
TLC2872Z 
3-1065 
TLC3702 
7-177 
TLC3702Y 
7-177 
TLC3704 
7-199 
TLC3704Y 
7-199 
TLC4501 
3-1081 
TLC4501A 
3-1081 
TLC4501Y 
3-1081 
TLC4502 
3-1107 
TLC4502A 
3-1107 
TLC4502Y 
3-1107 
TLE2021 
6-3 
TLE2021A 
6-3 
TLE2021 B 
6-3 
TLE2021 Y 
6-3 
TLE2022 
6-3 
TLE2022A 
6-3 
TLE2022B 
6-3 
TLE2022Y 
6-3 
TLE2024 
6-3 
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TLE2024A 
6-3 
TLE2024B 
6-3 
TLE2024Y 
6-3 
TLE2027 
6-59 
TLE2027A 
6-59 
TLE2027Y 
3-59 
TLE2037 
6-59 


TLE2037 A 
6-59 
TLE2037Y 
6-59 
TLE2061 
6-93 
TLE2061A 
6-93 
TLE2061Y 
6-93 
TLE2062 
6-93 
TLE2062A 
6-93 
TLE2062B 
6-93 
TLE2062Y 
6-93 
TLE2064 
6-93 
TLE2064A 
6-93 
TLE2064B 
6-93 
TLE2064Y 
6-93 
TLE2071 
6-155 
TLE2071A 
6-155 
TLE2071 Y 
6-155 
TLE2072 
6-155 
TLE2072A 
6-155 
TLE2072Y 
6-155 
TLE2074 
6-155 
TLE2074A 
6-155 
TLE2074Y 
6-155 
TLE2081 
6-225 
TLE2081A 
6-225 
TLE2081 Y 
6-225 
TLE2082 
6-225 
TLE2082A 
6-225 
TLE2082Y 
6-225 
TLE2084 
6-225 
TLE2084A 
6-225 
TLE2084Y 
6-225 
TLE2141 
6-287 


TLE2141 A 
6-287 
TLE2141Y 
6-287 
TLE2142 
6-287 
TLE2142A 
6-287 
TLE2142Y 
6-287 
TLE2144 
6-287 
TLE2144A 
6-287 
TLE2144Y 
6-287 
TLE2161 
6-347 
TLE2161A 
6-347 
TLE2161B 
6-347 


TLE2227 
6-375 
TLE2227Y 
6-375 


TLE2237 
6-375 
TLE2237Y 
6-375 
TLE2301 
6-405 
TLE2662 
6-427 
TLE2682 
6-465 
TLS1233 
8-93 
TLS1233Y 
8-93 
TLS1255 
8-99 
TLV1391 
7-223 
TLV1391Y 
7-223 
TLV1393 
7-235 
TLV1393Y 
7-235 
TLV2211 
6-513 
TLV2211Y 
6-513 
TLV2221 
6-541 
TLV2221Y 
6-541 
TLV2231 
6-567 
TLV2231Y 
6-567 
TLV2252 
6-593 
TLV2252A 
6-593 
TLV2252Y 
6-593 
TLV2254 
6-593 
TLV2254A 
6-593 
TLV2254Y 
6-593 
TLV2262 
6-639 
TLV2262A 
6-639 
TLV2262Y 
6-639 
TLV2264 
6-639 
TLV2264A 
6-639 
TLV2264Y 
6-639 
TLV2322 
6-687 
TLV2322Y 
6-687 
TLV2324 
6-687 
TLV2324Y 
6-687 
TLV2332 
6-715 
TLV2332Y 
6-715 
TLV2334 
6-715 
TLV2334Y 
6-715 
TLV2341 
6-743 
TLV2341Y 
6-743 
TLV2342 
6-793 
TLV2342Y 
6-793 
TLV2344 
6-793 
TLV2344Y 
6-793 
TLV2352 
7-251 
TLV2352Y 
7-251 
TLV2354 
7-265 
TLV2354Y 
7-265 
TLV2361 
6-823 
TLV2361Y 
6-823 
TLV2362 
6-823 
TLV2362Y 
6-823 
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TLV2393 
7-203 
TLV2393Y 
7-203 
TLV2432 
6-839 
TLV2432A 
6-839 
TLV2432Y 
6-839 
TLV2442 
6-875 
TLV2442A 
6-875 
TLV2242Y 
6-875 
TPA0102t 
2-3 
TPA0102yt 
2-3 
TPA302 
2-9 
TPA302Y 
2-9 


The devices in BOLD type are new to this data book. 
t This device is in the Advanced 
Information stage of development. 


TPA1517t 
2-29 
TPA1517yt 
2-29 
TPA4860 
2-41 
TPA4860Y 
2-41 
TPA4861 
2-67 
TPA4861 Y 
2-67 
!!A741 
6-909 
IlA733 
8-105 
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AUDIO POWER AMPLIFIER 
SELECTION GUIDE 


VDof'ICC 
IDofIcc 
OUTPUT 
HEAD- 
(mA per 
THD+ 
N 
PSRR 
ISD 
PAGE 
DEVICE 
(V) 
channel) 
POWER 
@ 1 kHz 
(dB) 
(~A) 
PHONE 
DESCRIPTION 
NO. 
minmax 
typ 
(W) 
ENABLE 


TPA0102t 
3to 5.5 
1.9 
1.5 
0.2% 
75 
1 
Yes 
1.5-W stereo audio power amplifier 
2-3 


TPA302 
2.7to 
5.5 
4 
0.3 
0.06% 
55 
0.6 
No 
300-mW stereo audio power amplifier 
2-9 


TPA1517t 
6to 
18 
40 
6 
1% 
62 
No 
6-W/ch. stereo audio power amplifier 
2-29 


TPA4860 
2.7to 
5.5 
3.5 
1 
0.2% 
56 
0.6 
Yes 
1-W audio power amplifier 
2-41 


TPA4861 
2.7 to 5.5 
3.5 
1 
0.2% 
56 
0.6 
No 
1-W audio power amplifier 
2--B7 


This device is in the Advanced Information sta e of develo 
men!. 
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OPERATIONAL AMPLIFIER 
SELECTION GUIDE 


This selection 
guide is designed 
to help you quickly 
identify 
which operational 
amplifiers 
best suit your needs. 


This section 
includes 
specification 
tables 
for each 
operational 
amplifier, 
sorted 
by the primary 
performance 
category; 
this permits 
a quick comparison 
of key specifications, 
enabling 
a final decision 
on which 
amplifier 
is 
best for you. Also included 
in this section 
is a complete 
alphanumerically 
sorted 
list of all Texas 
Instruments 
advanced 
linear amplifiers 
with key specifications. 


This selection 
guide is broken 
into eight primary-selection 
categories: 


• 
DC precision 
• 
Single supply 


• 
Noise 


• 
Low voltage 
• 
High speed 
• 
Low power 


• 
Rail to rail 


• 
High temperature 


These 
categories 
are then subdivided 
into secondary 
and tertiary 
groups 
combining 
performance 
indices. 
An 
understanding 
of what is meant 
by each term is helpful when choosing 
the right amplifier 
for your application. 


Precision 
refers to an amplifier's 
inherent 
dc errors, 
the input offset voltage 
(Via), 
its temperature 
coefficient 
(CXVIO),and long-term 
drift (Ll Via)' 
In direct-coupled 
applications, 
these errors are amplified 
by the amplifier 
and 
carried 
through 
the system. 
The magnitude 
of the input offset voltage 
limits the minimum 
signal 
level that can 
be accurately 
measured. 
This document 
defines 
precision 
operational 
amplifiers 
as those 
having 
VI0:51 
mY. 


In the precision-operational-amplifiers 
specification 
table, these operational 
amplifiers 
are sorted 
in ascending 
order of VIOmax 
at 25°C; the cxVIO specification 
is also provided 
for comparison. 


Single-supply 
operational 
amplifiers 
are those that are designed 
to operate well with only one power-supply 
rail, 
typically 
5 V. They 
are generally 
characterized 
as having 
a common-mode 
input voltage 
range 
(VieR) 
that 


includes 
ground 
and outputs 
that can swing to or very near ground 
(VOL ~ 0 V). Most single-supply 
operational 
amplifiers 
are manufactured 
using 
CMOS 
technology, 
although 
some 
bipolar 
single-supply 
amplifiers 
are 
available. 
Single-supply 
operational 
amplifiers 
can be used in systems 
with split supplies 
(e.g., ±5 V), but care 
must be taken not to exceed the maximum 
supply voltage 
across the device. 
For example, 
VDDmax 
for CMOS 
operational 
amplifiers 
is 16 V. No more than ±8 V should 
be applied 
to these devices 
in a split-supply 
system. 


Also, some single-supply 
operational 
amplifier 
output stages are not designed 
to both source 
and sink current; 
when 
used 
with 
split 
supplies, 
they 
may 
exhibit 
some 
crossover 
distortion 
as the 
signal 
passes 
through 
midsupply. 


Rail-to-rail 
operational 
amplifiers 
feature 
outputs 
that swing close to both the positive 
and negative 
supply 
rails. 
To achieve 
expected 
results, 
maintain 
loading 
conditions 
within the specified 
drive capability 
of the amplifier; 


output 
swing 
decreases 
as load increases. 


~TEXAS 
INSTRUMENTS 


OPERATIONAL AMPLIFIER 
SELECTION GUIDE 


Noise in operational 
amplifiers 
typically 
has two components: 
voltage 
noise and current 
noise. 
Current 
noise 
is primarily 
a function 
of input bias currents 
(lIB) and is negligible 
in JFET-input 
(BiFET) 
and CMOS 
amplifiers. 


Voltage noise (V n) is noise generated 
by the amplifier 
due to the thermal 
noise of the channel 
resistance 
in JFET 
and CMOS amplifiers 
or the emitter 
resistance 
in bipolar amplifiers. 
Bipolar technology 
offers the lowest voltage 
noise and offers the greatest 
advantage 
when 
interfacing 
to low-impedance 
sources. 
As source 
impedance 
increases 
to about 
10 kil, 
system 
noise 
is dominated 
by the thermal 
noise 
of the 
source 
and feedback 
resistances 
and selection 
of an amplifier 
is usually driven by other characteristics. 
At higher source impedances, 


the noise contribution 
due to the high-input 
currents 
of bipolar amplifiers 
becomes 
prohibitive 
and either a CMOS 
or BiFET 
amplifier 
should 
be chosen. 
Amplifiers 
in the low-noise 
operational 
amplifier 
sections 
have 
V n S; 


15 nV/-vHZ. Current 
noise, though 
not specified, 
can be approximated 
by: 


In '" ..)(2 x q x liB), where 
q = 1.6 x 10-19 


Low-voltage 
amplifiers 
operate 
with VCC or V DO S;3 V. Some CMOS amplifiers 
operate 
with V DO = 1.4 V. When 
using any supply voltage, 
you must ensure that input signals 
are within the common-mode 
input voltage 
range 
(VICR) of the device. 
To address 
the emerging 
3-V device 
market, 
Texas Instruments 
has introduced 
a full line 
of 3-V operational 
amplifiers, 
the TLV series of devices. 


Speed 
refers to an operational 
amplifier's 
slew rate (SR) and its bandwidth. 
Slew rate describes 
the ability 
of 
the amplifier's 
output 
to follow 
a large rapidly 
changing 
signal 
at its input, expressed 
in V//ls. 
Slew 
rate is a 
function 
of and inversely 
proportional 
to supply current 
(lcC or 100); increased 
power consumption 
must often 
be traded 
for faster output 
response. 
BiFET amplifiers 
have traditionally 
offered 
the best speed 
performance, 
although 
new complementary 
bipolar technologies 
are gaining 
ground. 
The high-speed 
operational 
amplifiers 
in this selection 
guide have a bandwidth 
~ 6 MHz; the amplifiers' 
slew rate is included 
in the specification 
tables 
for reference. 


Low power in this document 
refers to amplifiers 
whose 
quiescent 
currents 
are less than 500 /lA. This category 
is further broken down to delineate 
micropower 
amplifiers, 
or those with Icc or 100 S; 250 /lA. The supply current 
is specified 
under 
no-load 
conditions; 
the 
outputs 
neither 
sink 
nor 
source 
current. 
To minimize 
power 
consumption, 
unused 
amplifiers 
should 
be connected 
as unity-gain 
followers 
with their inputs grounded. 


High-temperature 
operational 
amplifiers 
are those manufactured 
using Texas Instruments 
patent-pending 
high 
temperature 
and high-reliability 
process. 
These 
operational 
amplifiers 
perform 
reliably 
at temperatures 
up to 
150°C and are well suited for automotive 
and geophysical 
(down-hole) 
applications 
where temperatures 
often 
exceed 
the industrial 
or military 
temperature 
ranges. 


~TEXAS 
INSTRUMENTS 


vooNcc 
IOoJlCC 
VIO 
CMRR 
liB 
Vn 
Slew 
GBW 
OEVICE 
(V) 
(mA per chan- 
(mV) 
(dB) 
(pA) 
(nV/'I'Hi) 
Rale 
(MHz) 
OESCRIPTION 
PAGE 
nel) 
(V/~s) 
NO. 
min max 
max range 
Iyp 
Iyp 
Iyp 
Iyp 
typ 
max 
Iyp 


LT1013 
41044 
0.32100.5 
0.25 to 0.95 
114 
-15000 
22 
0.4 
Dual precision low-power 
3-51 


TLC251 (H) 
1.4to 16 
0.675 to 1.6 
2to 10 
80 
0.6 
25 
3.6 
1.7 
Prog. low-voltage: high bias mode 
3-357 


TLC251(M) 
1.4 to 16 
0.105 to 0.28 
2to 10 
91 
0.6 
32 
0.43 
0.525 
Prog. low-voltage: medium bias mode 
3-357 


TLC251(L) 
1.4 to 16 
0.01 to 0.017 
2to 
10 
94 
0.6 
68 
0.03 
0.085 
Prog. low-voltage: low bias mode 
3-357 


TLC252 
1.4 to 16 
0.7 to 1.6 
2to 10 
80 
0.6 
25 
3.6 
1.7 
Dual low-voltage 
3-375 


TLC254 
1.4 to 16 
0.775 to 1.8 
2to 
10 
80 
0.6 
25 
3.6 
1.7 
Quad low-voltage 
3-395 


TLC25L2 
1.4 to 16 
0.01 to 0.017 
2to 10 
94 
0.6 
68 
0.03 
0.085 
Dual micro power low-voltage 
3-375 


TLC25L4 
1.4 to 16 
0.012 to 0.021 
2 to 10 
94 
0.6 
70 
0.03 
0.085 
Quad micropower low-voltage 
3-395 


TLC25M2 
1.4 to 16 
0.105 to 0.28 
2 to 10 
91 
0.6 
32 
0.43 
0.525 
Dual low-power low-voltage 
3-375 


TLC25M4 
1.4to 16 
0.125 to 0.32 
2 to 10 
91 
0.6 
32 
0.43 
0.525 
Quad low-power low-voltage 
3-395 


TLC271 (H) 
3 to 16 
0.675 to 1.6 
2 to 10 
80 
0.6 
25 
3.6 
1.7 
Prog. low-power: high bias mode 
3-415 


TLC271(M) 
3to 16 
0.105 to 0.28 
2 to 10 
91 
0.6 
32 
0.43 
0.525 
Prog. low-power: medium bias mode 
3-415 


TLC271(L) 
31016 
0.01 to 0.017 
2 to 10 
94 
0.6 
68 
0.03 
0.085 
Prog. low-power: low bias mode 
3-415 


TLC272 
3to 16 
0.7 to 1.6 
2 to 10 
80 
0.6 
25 
3.6 
1.7 
Dual single supply 
3-485 


TLC274 
3to 16 
0.675 to 1.6 
2 to 10 
80 
0.6 
25 
3.6 
1.7 
Quad single supply 
3-617 


TLC277 
3to 16 
0.7 to 1.6 
to 0.5 
80 
0.6 
25 
3.6 
1.7 
Dual precision single supply 
3-485 


TLC279 
3to 16 
0.675 to 1.6 
to 0.9 
80 
0.6 
25 
3.6 
1.7 
Quad precision single supply 
3~17 


TLC27L2 
3to 16 
0.01 to 0.017 
2 to 10 
94 
0.6 
68 
0.03 
0.085 
Dual precision single supply micropower 
3-551 


TLC27L4 
3 to 16 
0.01 to 0.017 
2 to 10 
94 
0.6 
70 
0.03 
0.085 
Quad precision single supply micropower 
3-669 


TLC27L7 
3to 16 
0.01 to 0.017 
to 0.5 
94 
0.6 
68 
0.03 
0.085 
Dual precision single supply micropower 
3-551 


TLC27L9 
3 to 16 
0.Q1 to 0.017 
to 0.9 
94 
0.6 
70 
0.03 
0.085 
Quad precision single supply micropower 
3-669 


TLC27M2 
3 to 16 
0.105 to 0.28 
2to 10 
91 
0.6 
32 
0.43 
0.525 
Dual precision single supply low-power 
3-583 


TLC27M4 
3 to 16 
0.105 to 0.28 
2to 
10 
91 
0.6 
32 
0.43 
0.525 
Quad precision single supply low-power 
3-705 


TLC27M7 
3 to 16 
0.105 to 0.28 
to 0.5 
91 
0.6 
32 
0.43 
0.525 
Dual precision single supply low-power 
3-583 


TLC27M9 
3 to 16 
0.105 to 0.28 
to 0.9 
91 
0.6 
32 
0.43 
0.525 
Quad precision single supply low-power 
3-705 


TLC1078 
1.4 to 16 
0.01 to 0.017 
1.6to 0.45 
95 
0.6 
68 
0.032 
0.085 
Dual micro power precision low-voltage 
3-741 


TLC1079 
1.4to 16 
0.01 to 0.017 
1.9to 0.85 
95 
0.6 
68 
0.032 
0.085 
Quad micropower precision iow-voltage 
3-741 


TLC2201 
4.6 to 16 
1 to 1.5 
0.2 to 0.5 
110 
1 
8 
2.5 
1.8 
Low-noise precision rail-to-rail output 
3-767 


TLC2202 
4.6to 
16 
0.85 to 1.3 
0.5 to 1 
110 
1 
8 
2.5 
1.9 
Dual low-noise precision rail-to-rail 
3-767 


TLC2252 
4.4 to 16 
0.035 to 0.0625 
0.85 to 1.5 
83 
1 
19 
0.12 
0.2 
Dual rail-to-rail micropower 
3-821 


TLC2254 
4.4 to 16 
0.035 to 0.0625 
0.85 to 1.5 
83 
1 
19 
0.12 
0.2 
Quad rail-to-rail micropower 
3-821 


TLC2262 
4.4 to 16 
0.2 to 0.25 
0.95 to 2.5 
83 
1 
12 
0.55 
0.82 
Dual advanced LinCMOS rail-to-rail 
3-875 


vooNcc 
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VIO 
CMRR 
liB 
Vn 
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TLC2264 
4.4 to 16 
0.2 to 0.25 
0.95 to 2.5 
83 
1 
12 
0.55 
0.82 
Quad advanced LinCMOS rail-to-rail 
3-875 


TLC2272 
4.4 to 16 
1.1 to 1.5 
0.95 to 2.5 
75 
1 
9 
3.6 
2.18 
Dual low-noise rail-to-rail 
3-931 


TLC2274 
4.4 to 16 
1.1 to 1.5 
0.95 to 2.5 
75 
1 
9 
3.6 
2.18 
Quad low-noise rail-to-rail 
3-931 


TLC2654 
±2.3 to ±8 
1.5 to 2.4 
0.01 to 0.02 
125 
50 
13 
3.7 
1.9 
Low-noise chopper-stabilized 
3-1007 


TLC4501 
4to 6 
1 to 1.5 
-0.08 to 0.08 
100 
1 
12 
2.5 
4.7 
Single self-caiibrating 
precision 
3-1081 


TLC4502 
4to 6 
1.25to 
1.75 
-0.1 toO.1 
100 
1 
12 
2.5 
4.7 
Dual self-calibrating 
precision 
3-1107 


TLE2021 
±2 to ±20 
0.2 to 0.3 
0.2 to 0.5 
115 
25000 
15 
0.65 
2 
Precision low-power single supply 
6-3 


TLE2022 
±2 to ±20 
0.275 to 0.35 
0.15 to 0.5 
106 
35000 
15 
0.65 
2.8 
Dual precision low-power single supply 
6-3 


TLE2024 
±2 to±20 
0.2625 to 0.35 
0.5 to 1 
102 
50000 
15 
0.7 
2.8 
Quad precision low-power single supply 
6-3 


TLE2027 
±4 to ±22 
3.8 to 5.3 
0.025 to 0.1 
131 
15000 
2.5 
2.8 
13 
Low-noise precision 
6-59 


TLE2037 
±4 to ±19 
3.8 to 5.3 
0.025 to 0.1 
131 
15000 
2.5 
7.5 
50 
Low-noise high-speed precision decamp. 
6-59 


TLE2061 
±3.5to±19 
0.29 to 0.35 
0.5 to 3 
90 
4 
40 
3.4 
2 
JFET-input high-output-drive 
micropower 
6-93 


TLE2062 
±3.5 to ±19 
0.3125 to 0.345 
1 t04 
90 
4 
40 
3.4 
2 
Dual JFET-input high-output-drive 
micropower 
6-93 


TLE2064 
±3.5 to ±19 
0.3125 to 0.35 
2 to 6 
90 
4 
40 
3.4 
2 
Quad JFET-input high-output-drive 
micropower 
6-93 


TLE2071 
±2.25 to ±19 
1.710 2.2 
2 to 4 
98 
20 
11.6 
45 
10 
Low-noise high-speed JFET-input 
6-155 


TLE2072 
±2.25 to ±19 
1.55to 
1.8 
3.5 t06 
98 
20 
11.6 
45 
10 
Dual low-noise high-speed JFET-input 
6-155 


TLE2074 
±2.25 to ±19 
1.425 to 1.875 
3to 5 
98 
25 
11.6 
45 
10 
Quad low-noise high-speed JFET-input 
6-155 


TLE2081 
±2.25 to ±19 
1.7to 2.2 
3to 6 
98 
20 
11.6 
45 
10 
high-speed JFET-input 
6-225 


TLE2082 
±2.25 to ±19 
1.55to 
1.8 
4t07 
98 
20 
11.6 
45 
10 
Dual high-speed JFET-input 
6-225 


TLE2084 
±2.25 to ±19 
1.625 to 1.875 
4t07 
98 
25 
11.6 
45 
10 
Quad high-speed JFET-input 
6-225 


TLE2141 
±2 to ±22 
3.5 to 4.5 
0.5 to 0.9 
108 
-700000 
10.5 
45 
5.9 
Low-noise high-speed precision single supply 
6-287 


TLE2142 
±2 to±22 
3.45 to 4.5 
0.75 to 1.2 
108 
-700000 
10.5 
45 
5.9 
Dual low-noise high-speed precision 
6-287 


TLE2144 
±2 to±22 
3.45 to 4.5 
1.5 to 2.4 
108 
-700000 
10.5 
45 
5.9 
Quad low-noise high-speed precision 
6-287 


TLE2161 
±3.5 to ±19 
0.29 to 0.35 
0.5 to 3 
90 
4 
40 
10 
6.4 
JFET-input high-output-drive 
low-power decom- 
6-347 
pensated 


TLE2227 
±4 to ±19 
3.65 to 5.3 
0.1 to 0.35 
115 
15000 
2.5 
2.5 
13 
Dual low-noise high-speed 
precision 
6-375 


TLE2237 
±4 to ±22 
3.65 to 5.3 
0.1 to 0.35 
115 
15000 
2.5 
5 
50 
Duallowcnoise 
high-speed precision decamp. 
6-375 


TLE2301 
±4.5 to ±22 
2.2 to 3.5 
0.4 to 10 
97 
260000 
44 
14 
8 
Excalibur 3-state-output 
wide-bandwidth 
power 
6-405 


TLE2662 
3.5 to 15 
0.3125 to 0.345 
1 to 5 
90 
4 
40 
3.4 
2 
Dual IlPower JFET-input with switching-capaci- 
6-427 
tor voltage converter 


TLE2682 
3.5 to 15 
1.55to 
1.8 
0.9 to 7.5 
98 
20 
11.3 
45 
10 
High-speed JFET-input dual with sWitching-ca- 
6-465 
pacitor voltage converter 


TLV2211 
2.7 to 10 
0.013 to 0.025 
to 3 
83 
1 
22 
0.025 
0.065 
Single rail-to-rail micropower 
6-513 
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TLV2221 
2.7 to 10 
0.11 to 0.15 
to 3 
85 
1 
19 
0.18 
0.51 
Single rail-to-raillow-power 
6-541 


TLV2231 
2.7to 
10 
0.85 to 1.2 
to 3 
70 
1 
15 
1.6 
2 
Single rail-to-rail 
6-567 


TLV2252 
2.7 to 8 
0.034 to 0.0625 
0.85 to 1.5 
75 
1 
19 
0.1 
0.187 
Dual rail-to-raillow-voltage 
micropower 
6-593 


TLV2254 
2.7 to 8 
0.034 to 0.0625 
0.85 to 1.5 
75 
1 
19 
0.1 
0.187 
Quad rail-to-raillow-voltage 
micropower 
6-593 


TLV2262 
2.7 to 8 
0.2 to 0.25 
0.95 to 2.5 
75 
1 
12 
0.55 
0.67 
Dual rail-to-raillow-voltage 
low-power 
6-639 


TLV2264 
2.7 to 8 
0.2 to 0.25 
0.95 to 2.5 
75 
1 
12 
0.55 
0.67 
Quad rail-to-raillow-voltage 
low-power 
6-639 


TLV2322 
2 to 8 
0.006 to 0.017 
1.1 to 9 
88 
0.6 
68 
0.02 
0.027 
Dual low-voltage micropower 
6-687 


TLV2324 
2to 8 
0.006 to 0.017 
1.1 to 10 
88 
0.6 
68 
0.02 
0.027 
Quad low-voltage micropower 
6-687 


TLV2332 
2to 8 
0.08 to 0.25 
1.1 to 9 
92 
0.6 
32 
0.38 
0.3 
D'uallow-voltage 
low-power 
6-715 


TLV2334 
2to 8 
0.08 to 0.25 
1.1 to 10 
92 
0.6 
32 
0.38 
0.3 
Quad low-voltage low-power 
6-715 


TLV2341 (H) 
2to 8 
0.325 to 1.5 
1.1 to 8 
78 
0.6 
25 
2.1 
0.79 
Programmable 
low-voltage: 
high bias mode 
6-743 


TLV2341(M) 
2 t08 
0.065 to 0.25 
1.1 to 8 
92 
0.6 
32 
0.38 
0.3 
Programmable 
low-voltage: Med bias mode 
6-743 


TLV2341(L) 
2to 8 
0.005 to 0.017 
1.1 to 8 
88 
0.6 
68 
0.02 
0.027 
Programmable 
low-voltage: low bias mode 
6-743 


TLV2342 
2 t08 
0.325 to 1.5 
1.1 to 9 
78 
0.6 
25 
2.1 
0.79 
Dual LinCMOS low-voltage high-speed 
6-793 


TLV2344 
2 t08 
0.325 to 1.5 
1.1 to 10 
78 
0.6 
25 
2.1 
0.79 
Quad LinCMOS low-voltage high-speed 
6-793 


TLV2361 
±1 to±2.5 
1.75 to 2.5 
1 t06 
85 
20000 
8 
3 
7 
Single high-perlormanC, 
low-voltage 
6-823 


TLV2362 
±1 to ±3.5 
1.4 to 2.25 
1 to 6 
75 
20000 
9 
2.5 
6 
Dual high-perlormanC, 
low-voltage 
6-823 


TLV2432 
2.7to 
10 
0.1 to 0.125 
0.95 to 2 
90 
1 
18 
0.25 
0.55 
Dual wide-input-voltage, 
high-output-drive 
6-839 


TLV2442 
2.7 to 10 
0.75 to 1.1 
0.95 to 2 
75 
1 
16 
1.4 
1.81 
Dual wide-input-voltage, 
high-output-drive 
6-875 
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TLC4501 
-40 to 40 
-80 to 80 
1 to 1.5 
100 
2.5 
4.7 
Single self-calibrating 
precision 
3-1081 


TLC4502 
-50 to 50 
-100to 
100 
1.25to 
1.75 
100 
2.5 
4.7 
Dual self-calibrating 
precision 
3-1107 


TLE2024 
500 to 1000 
0.2625 to 0.35 
102 
0.7 
2.8 
Quad precision low-power single supply 
6-3 


TLE2027 
10t020 
25 to 100 
3.8 to 5.3 
131 
2.8 
13 
Low-noise precision 
6-59 


TLE2037 
10to 20 
25 to 100 
3.8 to 5.3 
131 
7.5 
50 
Low-noise high-speed precision decompensated 
6-59 


LT1013 
60 to 250 
250 to 950 
0.32 to 0.5 
114 
0.4 
Dual precision low-power 
3-51 


TLE2022 
70 to 150 
150 to 500 
0.275 to 0.35 
106 
0.65 
2.8 
Dual precision low-power single supply 
6-3 


TLC2201 
80 to 100 
200 to 500 
1 to 1.5 
110 
2.5 
1.8 
Low-noise precision rail-to-rail output 
3-767 


TLC2202 
80 to 100 
500 to 1000 
0.85 to 1.3 
110 
2.5 
1.9 
Dual low-noise precision rail-to-rail 
3-767 


TLE2021 
80 to 120 
200 to 500 
0.2 to 0.3 
115 
0.65 
2 
Precision low-power single supply 
6-3 


TLC1078 
160 
450 
0.01 to 0.017 
95 
0.032 
0.085 
Dual micropower precision low-voltage 
3-741 


TLE2141 
175 to 200 
500 to 900 
3.5to 4.5 
108 
45 
5.9 
Low-noise high-speed precision single supply 
6-287 


TLC1079 
190 
850 
0.01 to 0.017 
95 
0.032 
0.085 
Quad micropower precision low-voltage 
3-741 


TLC2252 
200 
850 to 1500 
0.035 to 0.0625 
83 
0.12 
0.2 
Dual rail-to-rail micropower 
3-821 


TLC2254 
200 
850 to 1500 
0.035 to 0.0625 
83 
0.12 
0.2 
Quad rall-to-rail micro power 
3-821 


TLV2252 
200 
850 to 1500 
0.034 to 0.0625 
75 
0.1 
0.187 
Dual rail-to-raillow-voltage 
mlcropower 
6-593 


TLV2254 
200 
850 to 1500 
0.034 to 0.0625 
75 
0.1 
0.187 
Quad rail-to-raillow-voltage 
micropower 
6-593 


TLE2142 
275 to 290 
750 to 1200 
3.45 to 4.5 
108 
45 
5.9 
Dual low-noise high-speed precision 
6-287 


TLC2262 
300 
950 to 2500 
0.2 to 0.25 
83 
0.55 
0.82 
Dual advanced LinCMOS rail-to-rail 
3-875 


TLC2264 
300 
950 to 2500 
0.2 to 0.25 
83 
0.55 
0.82 
Quad advanced LinCMOS rail-to-rail 
3-875 


TLC2272 
300 
950 to 2500 
1.1 to 1.5 
75 
3.6 
2.18 
Dual low-noise rail-to-rail 
3-931 


TLC2274 
300 
950 to 2500 
1.1 to 1.5 
75 
3.6 
2.18 
Quad low-noise rail-to-rail 
3-931 


TLE2161 
300 to 600 
500 to 3000 
0.29 to 0.35 
90 
10 
6.4 
JFET-input high-output-drive 
low-power decompensated 
6-347 


TLV2262 
300 
950 to 2500 
0.2 to 0.25 
75 
0.55 
0.67 
Dual rail-to-raillow-voltage 
low-power 
6-639 


TLV2264 
300 
950 to 2500 
0.2 to 0.25 
75 
0.55 
0.67 
Quad rail-to-raillow-voltage 
low-power 
6-639 


TLV2432 
300 
950 to 2000 
0.1 to 0.125 
90 
0.25 
0.55 
Dual wide-input-voltage, 
high-output-drive 
6-639 


TLV2442 
300 
950 to 2000 
0.75 to 1.1 
75 
1.4 
1.81 
Dual wide-in put-voltage, high-output-drive 
6-675 


V 
IDo/ICC 
liB 
SLEW 
GBW 


(nV/~Hz) 
RATE 
RAll-TO-RAll 
PAGE 
DEVICE 
(mA per channel) 
(pA) 
(V/~s) 
(MHz) 
OUTPUT 
DESCRIPTION 
NO. 
typ 
typ 
max 
typ 
typ 
typ 


TlE2027 
2.5 
3.8 to 5.3 
15000 
2.8 
13 
low-noise 
precision 
6-59 


TlE2037 
2.5 
3.8 to 5.3 
15000 
7.5 
50 
low-noise 
high-speed precision decompensated 
6-59 


TlE2227 
2.5 
3.65 to 5.3 
15000 
2.5 
13 
Dual low-noise high-speed precision 
6-375 


TlE2237 
2.5 
3.65 to 5.3 
15000 
5 
50 
Dual low-noise high-speed precision decompensaled 
6-375 


TLC2201 
8 
1 to 1.5 
1 
2.5 
1.8 
X 
Low-noise precision rail-to-rail output 
3-767 


TLC2202 
8 
0.85101.3 
1 
2.5 
1.9 
X 
Dual low-noise precision rail-to-rail 
3-767 


TLV2361 
8 
1.75 to 2.5 
20000 
3 
7 
single high-performanC. 
low-vollage 
6-823 


TLC2272 
9 
1.1101.5 
1 
3.6 
2.18 
X 
Dual low-noise rail-to-rail 
3-931 


TLC2274 
9 
1.1101.5 
1 
3.6 
2.18 
X 
Quad low-noise rail-to-rail 
3-931 


TlV2362 
9 
1.4 to 2.25 
20000 
2.5 
6 
Dual high-performanC. 
low-voltage 
6-823 


TLE2141 
10.5 
3.5to 4.5 
-700000 
45 
5.9 
Low-noise high-speed precision single supply 
6-287 


TLE2142 
10.5 
3.45104.5 
-700000 
45 
5.9 
Dual low-noise high-speed precision 
6-287 


TLE2144 
10.5 
3.45 to 4.5 
-700000 
45 
5.9 
Quad low-noise high-speed precision 
6-287 


TLE2071 
11.6 
1.7to 2.2 
20 
45 
10 
Low-noise high-speed JFET-input 
6-155 


TLE2072 
11.6 
1.55to 1.8 
20 
45 
10 
Dual low-noise high-speed JFET-input 
6-155 


TLE2074 
11.6 
1.425 to 1.875 
25 
45 
10 
Quad low-noise high-speed JFET-input 
6-155 


TLC2262 
12 
0.2 to 0.25 
1 
0.55 
0.82 
X 
Dual advanced LinCMOS rail-to-rail 
3-875 


TLC2264 
12 
0.2 to 0.25 
1 
0.55 
0.82 
X 
Quad advanced LinCMOS rail-to-rail 
3-875 


TLC4501 
12 
1 to 1.5 
1 
2.5 
4.7 
X 
Single self-calibraling 
precision 
3-1081 


TLC4502 
12 
1.25 to 1.75 
1 
2.5 
4.7 
X 
Dual self-calibrating 
precision 
3-1107 


TLV2262 
12 
0.2 to 0.25 
1 
0.55 
0.67 
X 
Dual rail-to-raillow-voltage 
low-power 
6-639 


TLV2264 
12 
0.2100.25 
1 
0.55 
0.67 
X 
Quad rail-to-raillow-voltage 
low-power 
6-639 


TLC2654 
13 
1.5 to 2.4 
50 
3.7 
1.9 
X 
Low-noise chopper-stabilized 
3-1007 


TLE2021 
15 
0.2 to 0.3 
25000 
0.65 
2 
Precision low-power single supply 
6-3 


TLE2022 
15 
0.275 to 0.35 
35000 
0.65 
2.8 
Dual precision low-power single supply 
6-3 


TLE2024 
15 
0.2625 to 0.35 
50000 
0.7 
2.8 
Quad precision low-power single supply 
6-3 


TLV2231 
15 
0.850 to 1.2 
1 
1.6 
2 
X 
Single rail-to-rail 
6-567 


TLV2442 
16 
0.75101.1 
1 
1.4 
1.81 
X 
Dual wide-in put-voltage. high-output-drive 
6-875 


TLC2252 
19 
0.035 to 0.0625 
1 
0.12 
0.2 
X 
Dual rail-to-rail micropower 
3-821 


TLC2254 
19 
0.035 to 0.0625 
1 
0.12 
0.2 
X 
Quad rail-to-rail micropower 
3-821 
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V 
IDofIcc 
liB 
SLEW 
GBW 
(nV/~Hz) 
RATE 
RAIL-TO-RAIL 
PAGE 
DEVICE 
(mA per channel) 
(pA) 
(VI~s) 
(MHz) 
OUTPUT 
DESCRIPTION 
NO. 
typ 
typ 
max 
typ 
typ 
typ 


TLV2221 
19 
0.110toO.15 
1 
0.18 
0.51 
X 
single rail-to-raillow-power 
6-541 


TLV2252 
19 
0.034 to 0.0625 
1 
0.1 
0.187 
X 
Dual rail-to-raillow-voltage 
micropower 
6-593 


TLV2254 
19 
0.034 to 0.0625 
1 
0.1 
0.187 
X 
Quad rail-to-raillow-voltage 
micropower 
6-593 


GBW 
Slew Rate 
IDofIcc 
liB 
V 
PAGE 
DEVICE 
(Mhz) 
(V/~s) 
(mA per channel) 
(pA) 
(nVl~) 
DESCRIPTION 
NO. 
typ 
typ 
typ 
max 
typ 
typ 


TLE2037 
50 
7.5 
3.8 to 5.3 
15000 
2.5 
Low-noise high-speed precision decomp. 
6-59 


TLE2237 
50 
5 
3.65 to 5.3 
15000 
2.5 
Dual low-noise high-speed precision decomp. 
6-375 


TLV2361 
7 
3 
1.75 to 2.5 
20000 
8 
single high-performanC. 
low-voltage 
6-823 


TLV2362 
6 
2.5 
1.4 to 2.25 
20000 
9 
Dual high-performanC. 
low-voltage 
6-823 


TLE2141 
5.9 
45 
3.5 to 4.5 
-700000 
10.5 
Low-noise high-speed precision single supply 
6-287 


TLE2142 
5.9 
45 
3.45 to 4.5 
-700000 
10.5 
Dual low-noise high-speed precision 
6-287 


TLE2144 
5.9 
45 
3.45 to 4.5 
-700000 
10.5 
Quad low-noise high-speed precision 
6-287 


TLE2682 
10 
45 
1.55to 
1.8 
20 
11.3 
Dual high-speed JFET-input with switched-capacitor 
voltage converter 
6-465 


TLE2071 
10 
45 
1.7to 2.2 
20 
11.6 
Low-noise high-speed JFET-input 
6-155 


TLE2072 
10 
45 
1.55to 
1.8 
20 
11.6 
Dual low-noise high-speed JFET-input 
6-155 


TLE2074 
10 
45 
1.425 to 1.875 
25 
11.6 
Quad low-noise high-speed JFET-input 
6-155 


TLE2081 
10 
45 
1.7to 2.2 
20 
11.6 . 
High-speed JFET-input 
6-225 


TLE2082 
10 
45 
1.55to 1.8 
20 
11.6 
Dual high-speed JFET-input 
6-225 


TLE2084 
10 
45 
1.625 to 1.875 
25 
11.6 
Quad high-speed JFET-input 
6-225 


VDoNcc 
IDoJICC 
Vo 
Slew Rale 
GBW 
V 
PAGE 
DEVICE 
(V) 
(l!A per channel) 
(V) 
(V1l!s) 
(MHz) 
(nVl~) 
DESCRIPTION 
NO. 
min 
max 
Iyp 
max 
Iyp 
Iyp 
Iyp 
Iyp 


TLC2201 
4.610 16 
100010 1500 
0104.8 
2.5 
1.8 
8 
Low-noise precision rail-to-rail output 
3-767 


TLC2202 
4.61016 
850101300 
0104.8 
2.5 
1.9 
8 
Dual low-noise precision rail-to-rail 
3-767 


TLC2252 
4.4 to 16 
351062.5 
0.01104.98 
0.12 
0.2 
19 
Dual rail-Io-rail micropower 
3-821 


TLC2254 
4.4 to 16 
351062.5 
0.01104.98 
0.12 
0.2 
19 
Quad rail-to-rail micropower 
3-821 


TLC2262 
4.4 to 16 
200 to 250 
0.01104.99 
0.55 
0.82 
12 
Dual advanced LinCMOS rail-to-rail 
3-875 


TLC2264 
4.4 to 16 
200 to 250 
0.01104.99 
0.55 
0.82 
12 
Quad advanced LinCMOS rail-Io-rail 
3-875 


TLC2272 
4.4 to 16 
1100 to 1500 
0.01104.99 
3.6 
2.18 
9 
Dual low-noise rail-Io-rail 
3-931 


TLC2274 
4.41016 
1100101500 
0.01104.99 
3.6 
2.18 
9 
Quad low-noise rail-Io-rail 
3-931 


TLC4501 
4 to 6 
1000 to 1500 
0.01 to 4.99 
2.5 
4.7 
12 
Single self-calibrating 
precision 
3-1081 


TLC4502 
4to 6 
1250 to 1750 
0.01 to 4.99 
2.5 
4.7 
12 
Dual self-calibrating 
precision 
3-1107 


TLV2211 
2.7to 
10 
13to 25 
0.012 to 4.95 
0.025 
0.065 
22 
Single rail-to-rail micropower 
6-513 


TLV2221 
2.7 to 10 
110to 150 
0.012 to 4.88 
0.18 
0.51 
19 
Single rail-to-raillow-power 
6-541 


TLV2231 
2.7to 
10 
850 to 1200 
0.08 to 4.9 
1.6 
2 
15 
Single rail-to-rail 
6-567 


TLV2252 
2.7to 
8 
341062.5 
0.01 to 2.98 
0.1 
0.187 
19 
Dual rail-Io-rail low-vollage micropower 
6-593 


TLV2254 
2.7108 
34 to 62.5 
0.01102.98 
0.1 
0.187 
19 
Quad rail-to-raillow-vollage 
micropower 
6-593 


TLV2262 
2.7 to 8 
200 to 250 
0.01 to 2.99 
0.55 
0.67 
12 
Dual rail-to-raillow-voltage 
low-power 
6-639 


TLV2264 
2.7 to 8 
200 to 250 
0.01 to 2.99 
0.55 
0.67 
12 
Quad rail-to-raillow-voltage 
low-power 
6-639 


TLV2432 
2.7to 
10 
100 to 125 
0.01 to 4.97 
0.25 
0.55 
18 
Dual wide-in put-voltage, high-output-drive 
6-839 


TLV2442 
2.7 to 10 
750 to 1100 
0.01 to 4.97 
1.4 
1.81 
16 
Dual wide-input-voltage, 
high-output-drive 
6-875 


vooNcc 
lo[)l1cc 
VIO 
SLEW RATE 
GBW 
V 
PAGE 
OEVICE 
(V) 
(mA per channel) 
(mV) 
(V/~s) 
(MHz) 
(nVl.:tHz) 
OESCRIPTION 
NO. 
min max 
typ 
max 
Iyp 
max 
typ 
Iyp 
Iyp 


TLE2021 
±2 10±20 
0.2100.3 
0.12to 
0.5 
0.65 
2 
15 
Precision low-power single supply 
6-3 


TLE2022 
±2to±20 
0.275 to 0.35 
0.15to 
0.5 
0.65 
2.8 
15 
Dual precision low-power single supply 
6-3 


TLE2024 
±2to ±20 
0.2625 to 0.35 
0.7 
2.8 
15 
Quad precision low-power single supply 
6-3 


TLE2141 
±2 to ±22 
3.5 to 4.5 
0.2 to 0.9 
45 
5.9 
10.5 
Low-noise high-speed precision single supply 
6-287 


TLE2142 
±2 to ±22 
3.45 to 4.5 
0.29 to 1.2 
45 
5.9 
10.5 
Duai low-noise high-speed precision 
6-287 


TLE2144 
±2 to ±22 
3.45 to 4.5 
0.6 to 2.4 
45 
5.9 
10.5 
Quad iow-noise high-speed precision 
6-287 


TLV2211 
2.7 to 10 
0.013 to 0.025 
0.45 to 3 
0.025 
0.065 
22 
Single rail-to-raii micropower 
6-513 


TLV2221 
2.7 to 10 
0.11 to 0.15 
0.61 to 3 
0.18 
0.51 
19 
Single raii-to-raii low-power 
6-541 


TLV2231 
2.7to 
10 
0.85 to 1.2 
0.71 to 3 
1.6 
2 
15 
Single rail-to-raii 
6-567 


TLV2252 
2.7to 8 
0.034 to 0.0625 
0.2 to 1.5 
0.1 
0.187 
19 
Dual raii-to-raillow-voltage 
micropower 
6-593 


TLV2254 
2.7 to 8 
0.034 to 0.0625 
0.2 to 1.5 
0.1 
0.187 
19 
Quad rail-to-raillow-voltage 
micropower 
6-593 


TLV2262 
2.7 to 8 
0.2 to 0.25 
0.3 to 2.5 
0.55 
0.67 
12 
Dual rail-to-raillow-voltage 
low-power 
6-639 


TLV2264 
2.7 to 8 
0.2 to 0.25 
0.3 to 2.5 
0.55 
0.67 
12 
Quad rail-to-raillow-voitage 
low-power 
6-639 


TLV2432 
2.7 to 10 
0.1 to 0.125 
0.300 to 2 
0.25 
0.55 
18 
Dual wide-input-voltage, 
high-output-drive 
6-639 


TLV2442 
2.7 to 10 
0.75 to 1.1 
0.300 to 2 
1.4 
1.81 
16 
Dual wide-input-voltage, 
high-output-drive 
6-675 


TLC4501 
4to 6 
1to 1.5 
0.04 to 0.08 
2.5 
4.7 
12 
Single self-calibrating 
precision 
3-1081 


TLC4502 
4to 6 
1.25to 
1.75 
0.05 to 0.1 
2.5 
4.7 
12 
Dual self-calibrating 
precision 
3-1107 


TLC2252 
4.4 to 16 
0.035 to 0.0625 
0.2 to 1.5 
0.12 
0.2 
19 
Dual rail-to-rail micropower 
3-821 


TLC2254 
4.4 to 16 
0.035 to 0.0625 
0.2 to 1.5 
0.12 
0.2 
19 
Quad rail-to-rail micropower 
3-821 


TLC2262 
4.4 to 16 
0.2 to 0.25 
0.3 to 2.5 
0.55 
0.82 
12 
Dual advanced LinCMOS rail-to-rail 
3-875 


TLC2264 
4.4 to 16 
0.2 to 0.25 
0.3 to 2.5 
0.55 
0.82 
12 
Quad advanced LinCMOS rail-to-rail 
3-875 


TLC2272 
4.4 to 16 
101t01.5 
0.3102.5 
3.6 
2.18 
9 
Dual low-noise rail-to-rail 
3-931 


TLC2274 
4.4 to 16 
1.1to 1.5 
0.3102.5 
3.6 
2.18 
9 
Quad low-noise rail-to-rail 
3-931 


TLC2201 
4.6 to 16 
1 to 1.5 
0.1100.5 
2.5 
1.8 
8 
Low-noise precision rail-to-rail outpul 
3-767 


TLC2202 
4.61016 
0.85 to 1.3 
0.1 to 1 
2.5 
1.9 
8 
Dual low-noise precision rail-Io-rail 
3-767 


VDoNcc 
IDoJICC 
Vo 
SLEW RATE 
GBW 
V 
PAGE 
DEVICE 
(V) 
(mA per channel) 
(V) 
(V/llS) 
(MHz) 
(nVl?Hz) 
DESCRIPTION 
NO. 
min max 
Iyp 
max 
typ 
Iyp 
typ 
Iyp 


TLC1078 
1.41016 
0.01 100.017 
0104.1 
0.032 
0.085 
68 
Dual micropower precision low-voltage 
3-741 


TLC1079 
l.4to 
16 
0.01 to 0.017 
Oto 4.1 
0.032 
0.085 
68 
Quad micropower precision low-voltage 
3-741 


TLC251 (H) 
l.4to 
16 
0.675 to 1.6 
Oto 3.8 
3.6 
1.7 
25 
Prog. low-voltage: high bias mode 
3-357 


TLC251(M) 
l.4to 
16 
0.105 to 0.28 
Oto 3.9 
0.43 
0.525 
32 
Prog. low-voltage: medium bias mode 
3-357 


TLC251(L) 
l.4to 
16 
0.01 to 0.017 
Oto 4.1 
0.03 
0.085 
68 
Prog. low-voltage: low bias mode 
3-357 


TLC252 
1.4 to 16 
0.7 to 1.6 
Oto 3.8 
3.6 
1.7 
25 
Dual low-voltage 
3-375 


TLC254 
l.4to 
16 
0.775 to 1.8 
Oto 3.8 
3.6 
1.7 
25 
Quad low-voltage 
3-395 


TLC25l2 
l.4to 
16 
0.01 to 0.017 
Oto 4.1 
0.03 
0.085 
68 
Dual micropower low-voltage 
3-375 


TLC25L4 
l.4to 
16 
0.Q12 to 0.021 
Oto 4.1 
0.03 
0.085 
70 
Quad micropower low-voltage 
3-395 


TLC25M2 
l.4to 
16 
0.105 to 0.28 
Oto 3.9 
0.43 
0.525 
32 
Dual low-power low-voltage 
3-375 


TLC25M4 
l.4to 
16 
0.125 to 0.32 
Oto 3.9 
0.43 
0.525 
32 
Quad low-power low-voltage 
3-395 


TLC271 (H) 
3to 16 
0.675 to 1.6 
Oto 3.8 
3.6 
1.7 
25 
Prog. low-power: high bias mode 
3-415 


TLC271(M) 
3to 16 
0.105 to 0.28 
Oto 3.9 
0.43 
0.525 
32 
Prog. low-power: medium bias mode 
3-415 


TLC271(L) 
3to 16 
0.01 to 0.017 
Oto 4.1 
0.03 
0.085 
68 
Prog. low-power: low bias mode 
3-415 


TLC272 
3to 16 
0.7 to 1.6 
Oto 3.8 
3.6 
1.7 
25 
Dual single supply 
3-485 


TLC274 
3to 16 
0.675 to 1.6 
Oto 3.8 
3.6 
1.7 
25 
Quad single supply 
3-617 


TLC277 
3to 16 
0.7 to 1.6 
Oto 3.8 
3.6 
1.7 
25 
Dual precision single supply 
3-485 


TLC279 
3to 16 
0.675 to 1.6 
Oto 3.8 
3.6 
1.7 
25 
Quad precision single supply 
3-617 


TLC27l2 
3to 16 
0.01 to 0.017 
Oto 4.1 
0.03 
0.085 
68 
Dual precision single suppiy micropower 
3-551 


TLC27L4 
3to 16 
0.01 to 0.017 
o to 4.1 
0.03 
0.085 
70 
Quad precision single supply micropower 
3-669 


TLC27L7 
3to 16 
0.01 to 0.017 
o to 4.1 
0.03 
0.085 
68 
Dual precision single supply micropower 
3-551 


TLC27L9 
3to 16 
0.01 to 0.017 
o to 4.1 
0.03 
0.085 
70 
Quad precision single supply micropower 
3-669 


TLC27M2 
3to 16 
0.105 to 0.28 
o to 3.9 
0.43 
0.525 
32 
Dual precision single supply low-power 
3-583 


TLC27M4 
3to 16 
0.105 to 0.28 
o to 3.9 
0.43 
0.525 
32 
Quad precision single supply low-power 
3-705 


TLC27M7 
3to 16 
0.105 to 0.28 
o to 3.9 
0.43 
0.525 
32 
Dual precision single supply low-power 
3-583 


TLC27M9 
3to 16 
0.105 to 0.28 
o to 3.9 
0.43 
0.525 
32 
Quad precision single supply low-power 
3-705 


TLV2211 
2.7to 
10 
0.Q13to 0.025 
0.012to 
4.95 
0.025 
0.065 
22 
Single rail-to-rail micropower 
6-513 


TLV2221 
2.7 to 10 
0.11 to 0.15 
0.012to 
4.88 
0.18 
0.51 
19 
Single rail-to-raillow-power 
6-541 


TLV2231 
2.7 to 10 
0.85 to 1.2 
0.08 to 4.9 
1.6 
2 
15 
Single rail-to-rail 
6-567 


TLV2252 
2.7to 8 
0.034 to 0.0625 
0.01 to 2.98 
0.1 
0.187 
19 
Dual rail-to-raillow-voltage 
micro power 
6-593 


TLV2254 
2.7 to 8 
0.034 to 0.0625 
0.01 to 2.98 
0.1 
0.187 
19 
Quad rail-to-raillow-voltage 
micropower 
6-593 


TLV2262 
2.7to 8 
0.2 to 0.25 
0.01 to 2.99 
0.55 
0.67 
12 
Dual rail-to-raillow-voltage 
low-power 
6~39 


TLV2264 
2.7 to 8 
0.2 to 0.25 
0.01 to 2.99 
0.55 
0.67 
12 
Quad rail-to-raillow-voltage 
low-power 
~39 
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vooNcc 
looflcc 
Vo 
SLEW RATE 
GBW 
V 
PAGE 
OEVICE 
(V) 
(mA per channel) 
(V) 
(V/~s) 
(MHz) 
(nv/tH"z) 
OESCRIPTION 
NO. 
min max 
lyp 
max 
lyp 
lyp 
lyp 
lyp 


TLV2322 
2 to 8 
0.006 to 0.017 
0.115to 
1.9 
0.02 
0.027 
68 
Dual low-voltage micropower 
6--687 


TLV2324 
2 to 8 
0.006 to 0.017 
0.115to 
1.9 
0.02 
0.027 
68 
Quad low-voltage micropower 
6--687 


TLV2332 
2 to 8 
0.08 to 0.25 
0.115to 
1.9 
0.38 
0.3 
32 
Dual low-voltage low-power 
6-715 


TLV2334 
2 to 8 
0.08 to 0.25 
0.115 to 1.9 
0.38 
0.3 
32 
Quad low-voltage low-power 
6-715 


TLV2341 (H) 
2 to 8 
0.325 to 1.5 
0.12to 
1.9 
2.1 
0.79 
25 
Programmable 
low-voltage: high bias mode 
6-743 


TLV2341(M) 
2 to 8 
0.065 to 0.25 
0.115to 
1.9 
0.38 
0.3 
32 
Programmable 
low-voltage: Med bias mode 
6-743 


TLV2341(L) 
2 to 8 
0.005 to 0.017 
0.115to 
1.9 
0.02 
0.027 
68 
Programmable 
low-voltage: low bias mode 
6-743 


TLV2342 
2 to 8 
0.325 to 1.5 
0.12 to 1.9 
2.1 
0.79 
25 
Dual LinCMOS low-voltage high-speed 
6-793 


TLV2344 
2 to 8 
0.325 to 1.5 
0.12 to 1.9 
2.1 
0.79 
25 
Quad LinCMOS low-voltage high-speed 
6-793 


TLV2361 
±1 to±2.5 
1.75 to 2.5 
-2.4 to 2.4 
3 
7 
8 
Single high-pertormance, 
low-voltage 
6-823 


TLV2362 
±1 to ±3.5 
1.4 to 2.25 
-1.4 to 1.4 
2.5 
6 
9 
Dual high-pertormanC. 
low-voltage 
6-823 


TLV2432 
2.7 to 10 
0.1 toO.125 
0.01 to 4.97 
0.25 
0.55 
18 
Dual wide-in put-voltage, high-output-drive 
6-839 


TLV2442 
2.7to 
10 
0.75 to 1.1 
0.01 to 4.97 
1.4 
1.81 
16 
Dual wide-input-voltage, 
high-output-drive 
6-875 


VDoNcc 
IDoJICC 
VIO 
SLEW RATE 
GBW 
V 
PAGE 
DEVICE 
(V) 
(~A per channel) 
(mV) 
(V1~s) 
(MHz) 
(nVf~) 
DESCRIPTION 
NO. 
mlnmax 
typ 
max 
typ 
max 
typ 
typ 
typ 


TLC27L1 
31016 
101017 
1.11010 
0.03 
1 
68 
Single LinCMOS 
3-521 


TLC2252 
4.4 to 16 
351062.5 
0.2101.5 
0.12 
0.2 
19 
Dual rail-Io-rail micropower 
3-821 


TLC2254 
4.4 1016 
351062.5 
0.2101.5 
0.12 
0.2 
19 
Quad rail-Io-rail micropower 
3-821 


TLC2262 
4.4 1016 
20010250 
0.3102.5 
0.55 
0.82 
12 
Dual advanced LinCMOS rail-Io-rail 
3-875 


TLC2264 
4.4 1016 
20010250 
0.3102.5 
0.55 
0.82 
12 
Quad advanced LinCMOS rail-Io-rail 
3-875 


TLE2021 
±2 10±20 
20010300 
0.12to 
0.5 
0.65 
2 
15 
Precision low-power single supply 
6-3 


TLE2022 
±2 10±20 
27510350 
0.15100.5 
0.65 
2.8 
15 
Dual precision low-power single supply 
6--3 


TLE2024 
±2 10±20 
262.5 to 350 
0.7 
2.8 
15 
Quad precision low-power single supply 
6--3 


TLE2061 
±3.5 10±19 
29010350 
0.6103 
3.4 
2 
40 
JFET-inpul high-oulpul-drive 
micropower 
6--93 


TLE2062 
±3.5 10±19 
312.510345 
0.9104 
3.4 
2 
40 
Dual JFET-inpul high-oulpul-drive 
micropower 
6--93 


TLE2064 
±3.5 10±19 
312.510350 
0.9106 
3.4 
2 
40 
Quad JFET-inpul high-oulpul-drive 
micropower 
6--93 


TLV2211 
2.71010 
131025 
0.45103 
0.025 
0.065 
22 
Single rail-Io-rail micropower 
6--513 


TLV2221 
2.71010 
11010150 
0.61103 
0.18 
0.51 
19 
Single rail-Io-raillow-power 
6--541 


TLV2252 
2.7 to 8 
341062.5 
0.2101.5 
0.1 
0.187 
19 
Dual rail-Io-raillow-voltage 
micropower 
6--593 


TLV2254 
2.7108 
341062.5 
0.2101.5 
0.1 
0.187 
19 
Quad rail-Io-raillow-votlage 
micropower 
6--593 


TLV2262 
2.7to 8 
20010250 
0.3102.5 
0.55 
0.67 
12 
Dual rail-Io-raillow-vollage 
low-power 
6--639 


TLV2264 
2.7108 
200 10250 
0.3102.5 
0.55 
0.67 
12 
Quad rail-Io-raillow-voltage 
low-power 
6--639 


TLV2432 
2.71010 
10010125 
0.3102 
0.25 
0.55 
18 
Dual wide-inpul-voltage. 
high-oulpul-drive 
6--639 


o" 
m 
::tI 
~ 
W_ 
mo 
rZ 
m:J> 
Or 
:::!:J> 
03: 
Z" 
C)r 
5" 
em 
m::tl 


VCC 
ICC 
VIO 
CMRR 
liB 
V 
Slew Rate 
GBW 
DEVICE 
(V) 
(mA per channel) 
(mV) 
(dB) 
(pA) 
(nV/~) 
(V/~s) 
(MHz) 
DESCRIPTION 
PAGE 


min max 
typ 
max 
max 
typ 
typ 
typ 
typ 
typ 
NO. 
range 


LM2902 
41026 
0.175 to 0.3 
7 
80 
-20000 
23 
0.25 
0.4 
Quad general-purpose 
3-17 


LM2904 
4 to 26 
0.5101 
7 
80 
-20000 
23 
0.15 
0.4 
Dual general-purpose 
3-29 


LM318 
±5 to ±20 
51010 
10 
100 
150000 
23 
70 
15 
Single high-speed 
3-13 


LM324 
41032 
0.175100.3 
7 
80 
-20000 
23 
0.25 
0.4 
Quad general-purpose 
3-17 


LM324x2 
41032 
0.175100.3 
7 
80 
-20000 
23 
0.15 
0.4 
Octal general-purpose 
3-39 


LM348 
±4 to ±18 
0.6101.125 
6 
90 
30000 
23 
0.5 
1 
Quad general-purpose 
3-25 


LM358 
41032 
0.5101 
3107 
80 
-20000 
23 
0.4 
Dual general-purpose 
3-29 


MC1458 
±5 to ±15 
1.7102.8 
6 
90 
80000 
45 
0.5 
1 
Dual general-purpose 
3-75 


MC3403 
51030 
0.7101.75 
10 
90 
-200000 
0.6 
1 
Quad low-power general-purpose 
3-79 


NE5532 
31020 
4108 
4 
100 
200000 
5 
9 
10 
Dual low-noise high-speed audio 
3-85 


NE5534 
31020 
4108 
4 
100 
500000 
3.5 
13 
10 
Low-noise high-speed audio 
3-89 


OP07 
±310 ±18 
2.7105 
0.15 
120 
1800 
9.8 
0.3 
0.6 
Precision 
3-95 


RC4136 
±5 to ±18 
1.25102.825 
6 
90 
140000 
8 
1.7 
3 
Quad general-purpose 
3-101 


RC4558 
±5 to ±18 
1.25102.8 
6 
90 
150000 
8 
1.7 
3 
Dual general-purpose 
3-105 


TL022 
±510±18 
0.065 100.125 
5 
72 
100000 
50 
0.5 
0.5 
Dual low-power general-purpose 
3-111 


TL2828 
4 to 30 
0.35 to 0.6 
7 
80 
-15000 
23 
0.15 
0.4 
Dual high lemperalure 
bipolar 
3-337 


TL2829 
4to 30 
0.3100.4 
7 
75 
-15000 
23 
0.25 
0.4 
Quad high lemperalure 
bipolar 
3-343 


~741 
+3.510±18 
1.7102.8 
6 
90 
80000 
0.5 
General-purpose 
6--909 


VDD 
100 
VIO 
CMRR 
liB 
V 
SLEW RATE 
GBW 
DEVICE 
(V) 
(mA per channel) 
(mV) 
(dB) 
(pA) 
(nv,-?Hz) 
(V1~s) 
(MHz) 
DESCRIPTION 
PAGE 
NO. 
min max 
Iyp 
max 
max 
Iyp 
Iyp 
Iyp 
typ 
Iyp 
range 


TLC1078 
1.4 to 16 
0.01 100.017 
0.45 
95 
0.6 
68 
0.032 
0.085 
Dual micro power precision low-voltage 
3-741 


TLC1079 
1.4 to 16 
0.01 100.017 
0.85 
95 
0.6 
68 
0.032 
0.085 
Quad micropower precision low-vollage 
3-741 


TLC251 (H) 
1.4 to 16 
0.67510 1.6 
210 10 
80 
0.6 
25 
3.6 
1.7 
Prog. low-vollage: 
high bias mode 
3-357 


TLC251(M) 
1.4 to 16 
0.10510 0.28 
210 10 
91 
0.6 
32 
0.43 
0.525 
Prog. low-vollage: 
medium bias mode 
3-357 


TLC251(L) 
1.4to 16 
0.01 100.017 
210 10 
94 
0.6 
68 
0.03 
0.085 
Prog. low-vollage: 
low bias mode 
3-357 


TLC252 
1.4 to 16 
0.710 1.6 
210 10 
80 
0.6 
25 
3.6 
1.7 
Duallow-vollage 
3-375 


TLC254 
1.410 16 
0.77510 1.8 
210 10 
80 
0.6 
25 
3.6 
1.7 
Quad low-voltage 
3-395 


TLC25L2 
1.410 16 
0.01 100.017 
210 10 
94 
0.6 
68 
0.03 
0.085 
Dual micropower low-voltage 
3-375 


TLC25L4 
1.410 16 
0.012 to 0.021 
2 to 10 
94 
0.6 
70 
0.03 
0.085 
Quad micropower low-vollage 
3-395 


TLC25M2 
1.410 16 
0.10510 0.28 
2 to 10 
91 
0.6 
32 
0.43 
0.525 
Dual low-power low-voltage 
3-375 


TLC25M4 
1.410 16 
0.125 100.32 
2 to 10 
91 
0.6 
32 
0.43 
0.525 
Quad low-power low-voltage 
3-395 


TLC271 (H) 
3 to 16 
0.67510 1.6 
2 to 10 
80 
0.6 
25 
3.6 
1.7 
Prog. low-power: high bias mode 
3-415 


TLC271(M) 
3 to 16 
0.10510 0.28 
2 to 10 
91 
0.6 
32 
0.43 
0.525 
Prog. low-power: medium bias mode 
3-415 


TLC271(L) 
3 to 16 
0.01 to 0.017 
2 to 10 
94 
0.6 
68 
0.03 
0.085 
Prog. low-power: low bias mode 
3-415 


TLC272 
3 to 16 
0.710 1.6 
2 to 10 
80 
0.6 
25 
3.6 
1.7 
Dual single supply 
3-485 


TLC274 
3 to 16 
0.67510 1.6 
2 to 10 
80 
0.6 
25 
3.6 
1.7 
Quad single supply 
3-617 


TLC274x2 
3 to 16 
0.675 to 1.6 
10 
80 
0.6 
25 
3.6 
1.7 
Oclal single supply 
3-653 


TLC277 
3 to 16 
0.710 1.6 
0.5 
80 
0.6 
25 
3.6 
1.7 
Dual precision single supply 
3-485 


TLC279 
310 16 
0.67510 1.6 
0.9 
80 
0.6 
25 
3.6 
1.7 
Quad precision single supply 
3-617 


TLC27L2 
3 to 16 
0.01 100.017 
210 10 
94 
0.6 
68 
0.03 
0.085 
Dual precision single supply micropower 
3-551 


TLC27L4 
3 to 16 
0.01 100.017 
210 10 
94 
0.6 
70 
0.03 
0.085 
Quad precision single supply micropower 
3-669 


TLC27L7 
3 to 16 
0.01 100.017 
0.5 
94 
0.6 
68 
0.03 
0.085 
Dual precision single supply micropower 
3-551 


TLC27L9 
3 to 16 
0.0110 0.017 
0.9 
94 
0.6 
70 
0.03 
0.085 
Quad precision single supply micropower 
3-669 


TLC27M2 
3 to 16 
0.10510 0.28 
210 10 
91 
0.6 
32 
0.43 
0.525 
Dual precision single supply low-power 
3-583 


TLC27M4 
3 to 16 
0.10510 0.28 
210 10 
91 
0.6 
32 
0.43 
0.525 
Quad precision single supply low-power 
3-705 


TLC27M7 
3 to 16 
0.10510 0.28 
0.5 
91 
0.6 
32 
0.43 
0.525 
Dual precision single supply low-power 
3-583 


TLC27M9 
310 16 
0.10510 0.28 
0.9 
91 
0.6 
32 
0.43 
0.525 
Quad precision single supply low-power 
3-705 


TLC2801 
4.610 16 
1.110 1.5 
0.5 
110 
1 
8 
2.5 
1.8 
Low-noise precision high lemperature 
3-1031 


TLC2810 
4to 16 
0.5 to 1.6 
10 
90 
7 
25 
3.6 
1.7 
Dual high temperature 
3-1043 


TLC2872 
4.4 to 16 
1.1 to 1.5 
2.5 
75 
1 
9 
3.6 
2.18 
Dual low-noise high temperature 
3-1065 


TLV2322 
2 to 8 
0.006 to 0.017 
9 
88 
0.6 
68 
0.02 
0.027 
Dual low-voltage micropower 
6-687 


TLV2324 
2 to 8 
0.006 to 0.017 
10 
88 
0.6 
68 
0.02 
0.027 
Quad low-voltage micropower 
6-687 


VDD 
100 
VIO 
CMRR 
liB 
V 
SLEW RATE 
GBW 
DEVICE 
(V) 
(mA per channel) 
(mV) 
(dB) 
(pA) 
(nV/~) 
(VI~s) 
(MHz) 
DESCRIPTION 
PAGE 


min max 
lyp 
max 
max 
lyp 
lyp 
lyp 
lyp 
lyp 
NO. 
range 


TLV2332 
2to 8 
0.08 to 0.25 
9 
92 
0.6 
32 
0.38 
0.3 
Dual low-voltage low-power 
6-715 


TLV2334 
2to 8 
0.08 to 0.25 
10 
92 
0.6 
32 
0.38 
0.3 
Quad low-voltage low-power 
6-715 


TLV2341 (H) 
2 to 8 
0.325 to 1.5 
8 
78 
0.6 
25 
2.1 
0.79 
Programmable 
low-voltage: high bias mode 
6-743 


TLV2341(M) 
2 to 8 
0.065 to 0.25 
8 
92 
0.6 
32 
0.38 
0.3 
Programmable 
low-voltage: Med bias mode 
6-743 


TLV2341(L) 
2 to 8 
0.005 to 0.017 
8 
88 
0.6 
68 
0.02 
0.027 
Programmable 
low-voltage: low bias mode 
6-743 


TLV2342 
2 to 8 
0.325 to 1.5 
9 
78 
0.6 
25 
2.1 
0.79 
Dual LinCMOS low-voltage high-speed 
6-793 


TLV2344 
2 t08 
0.325 to 1.5 
10 
78 
0.6 
25 
2.1 
0.79 
Quad LinCMOS low-voltage high-speed 
6-793 


VCC 
ICC 
VIO 
CMRR 
liB 
V 
SLEW RATE 
GBW 
PAGE 
DEVICE 
(V) 
(mA per channel) 
(mV) 
(dB) 
(pA) 
(nVl~i) 
(Vljls) 
(MHz) 
DESCRIPTION 
NO. 
min max 
typ 
max 
max range 
typ 
typ 
typ 
typ 
typ 


LF347 
±3.5 to ±18 
2 to 3.75 
5 to 10 
100 
50 
18 
13 
3 
Quad general-purpose 
JFET-input 
3-3 


LF351 
±3.5 to ±18 
1.8 to 3.4 
10 
100 
50 
18 
13 
3 
General-purpose 
JFET-input 
3-5 


LF353 
±3.5 to ±18 
1.8 to 3.25 
10 
100 
50 
18 
13 
3 
Dual general-purpose 
JFET-input 
3-7 


LF411 
±3.5 to ±18 
2 to 3.4 
2 
100 
50 
18 
13 
3 
Precision JFET-input 
3-9 


LF412 
±3.5 to ±18 
2.25 to 3.4 
3 
100 
50 
18 
13 
3 
Dual JFET-input 
3-11 


TL031 
±5 to ±18 
0.217 to 0.28 
0.8to 
1.5 
94 
2 
41 
5.1 
1.1 
Enhanced JFET low-power precision 
3-115 


TL032 
±5 to ±18 
0.111 to 0.28 
0.8to 
1.5 
94 
2 
41 
5.1 
1.1 
Dual enhanced JFET low-power precision 
3-115 


TL034 
±5 to ±18 
0.2175 to 0.28 
1.5 to 4 
94 
2 
43 - 
5.1 
1.1 
Quad enhanced JFET low-power precision 
3-115 


TL051 
±5 to ±18 
2.7 to 3.2 
0.8 to 1.5 
93 
30 
18 
20 
3.1 
Enhanced JFET precision 
3-169 


TL052 
±5to±18 
2.4 to 2.8 
0.8 to 1.5 
93 
30 
19 
20.7 
3 
Dual enhanced JFET precision 
3-169 


TL054 
±5 to ±18 
2.1 to 2.8 
1.5to 4 
92 
30 
21 
17.8 
2.7 
Quad enhanced JFET precision 
3-169 


TL061 
±3.5 to ±18 
0.2 to 0.25 
3to 15 
86 
30 
42 
3.5 
1 
Low-power JFET-input general-purpose 
3-233 


TL062 
±3.5 to ±18 
0.2 to 0.25 
3to 15 
86 
30 
42 
3.5 
1 
Dual low-power JFET-input general-purpose 
3-233 


TL064 
±3.5 to ±18 
0.2 to 0.25 
3to 15 
86 
30 
42 
3.5 
1 
Quad low-power JFET-input general-purpose 
3-233 


TL064x2 
±3.5 to ±18 
0.2 to 0.25 
15 
86 
30 
42 
3.5 
1 
Octal low-power JFET-input general-purpose 
3-255 


TL070 
±3.5 to ±18 
1.4t02.5 
10 
100 
65 
18 
13 
3 
Low-noise JFET-input decompensated 
3-265 


TL071 
±3.5 to ±18 
1.4t02.5 
3to 10 
100 
65 
18 
13 
3 
Low-noise JFET-input general-purpose 
3-279 


TL072 
±3.5 to ±18 
1.4 to 2.5 
3 to 10 
100 
65 
18 
13 
3 
Dual low-noise JFET-input general-purpose 
3-279 


TL074 
±3.5 to ±18 
1.4 to 2.5 
3to 10 
100 
65 
18 
13 
3 
Quad low-noise JFET-input general-purpose 
3-279 


TL074x2 
±3.5 to ±18 
1.4t02.5 
10 
100 
65 
18 
13 
3 
Octal low-noise JFET-input general-purpose 
3-295 


TL081 
±3.5 to ±18 
1.4 to 2.8 
3to 15 
86 
30 
18 
13 
3 
JFET-input general-purpose 
3-307 


TL082 
±3.5 to ±18 
1.4 to 2.8 
3to 15 
86 
30 
18 
13 
3 
Dual JFET-input general-purpose 
3-307 


TL084 
±3.5 to ±18 
1.4 to 2.8 
3to 15 
86 
30 
18 
13 
3 
Quad JFET-input general-purpose 
3-307 


TL084x2 
±3.5 to ±18 
1.4 to 2.8 
15 
76 
30 
18 
13 
3 
Octal JFET-input general-purpose 
3-327 


DEVICE 
0 
DB 
DBV 
OW 
FK 
J 
JG 
N 
NE 
P 
PW 
U 
W 
Y(CHIP) 


LF347 
(14)t 
(14)t 


LF347B 
(14)t 
(14)t 


LF351 
(B)t 
(B)t 


LF353 
(B)t 
(B)t 


LF411 
(B)C 
(B)C 


LF412 
(B)C 
(B)C 


LM11B 
(20)0 
(B)O 


LM124 
(20)0 
(14)0 
(14)0 


LM14B 
(20)0 
(14)0 


LM15B 
(20)0 
(B)O 


LM21B 
(B)lI 
(B)lI 


LM224 
(B)lI 
(B)lI 


LM24B 
(14)11 
(14)11 
(14)11 


LM25B 
(B)lI 
(B)lI 


LM2900 
(14)# 


LM2902 
(14)* 
(14)* 
(14)* 
(14)* 


LM2904 
(B)* 
(B)* 
(B)* 
(B)* 


LM31B 
(B)t 
(B)t 


LM324 
(14)t 
(14)t 
(14)t 
(14)t 
Y 


LM324x2 
(30)t 


LM34B 
(14)t 
(14)t 
(14)t 


LM35B 
(B)t 
(B)t 
(B)t 
(14)t 
Y 


LM3900 
(14)t 


LT1013 
(B)C,rl:,M 
(20)M 
(B)M 
(B)C,Il:,M 
Y 


MC145B 
(B)C 
(B)C 


MC155B 
(20)M 
(B)M 
(10)M 


MC3303 
(14)# 
(14)# 


MC3403 
(14)t 
(14)t 


NE5532 
(B)t,1 


NE5534 
(B)t 
(B)t 


OP07 
(B)t 
(B)t 
Y 


RC4136 
(14)t 
(14)t 


RC455B 
(B)t 
(B)t 
(B)t 
(B)t 
Y 


SYMBOLS: 
Y = 25°C, 
Cor t = DoCto 70°C 
§= -20°C 
to B5°C 
11= - 25°C to B5°C 
I or # = -40°C 
to B5°C 
:j: = -40°C 
to 105°C 
* = -40°C 
to 125°C 
Z = -40°C 
to 150°C 
M or 0 = -55°C 
to 125°C 


DEVICE 
0 
DB 
DBV 
OW 
FK 
J 
JG 
N 
NE 
P 
PW 
U 
W 
Y(CHIP) 


RM4136 
(20)0 
(14)0 
(14)0 


RM4558 
(8)0 


RV4136 
(14)# 
(14)# 


RV4558 
(8)# 
(8)# 


SE5534 
(20)0 
(8)0 


TL022 
(8)C 
(8)M 
(8)C 
(10)M 


TL031 
(8)C,I,M 
(20)M 
(8)M 
(8)C,I,M 
Y 


TL032 
(8)C,I,M 
(20)M 
(8)M 
(8)C,I,M 
Y 


TL034 
(14)C,I,M 
(20)M 
(14)M 
(14)C,I,M 
(14)C 
Y 


TL051 
(8)C,I,M 
(20)M 
(8)M 
(8)C,I,M 
Y 


TL052 
(8)C,I,M 
(20)M 
(8)M 
(8)C,I,M 
Y 


TL054 
(14)C,I,M 
(20)M 
(14)M 
(14)C,I,M 
Y 


TL061 
(8)C,1 
(20)M 
(8)M 
(8)C,1 
(8)C 
(10)M 
Y 


TL062 
(8)C,1 
(20)M 
(8)M 
(8)C,1 
(8)C 
(10)M 
Y 


TL064 
(14)C,1 
(20)M 
(14)M 
(14)C,I,M 
(14)C 
Y 


TL064x2 
(30)C 


TL070 
(8)C,I,M 
(8)C,I,M 
(8)C 


TL071 
(8)C,1 
(20)M 
(8)M 
(8)C,1 
(8)C 


TL072 
(8)C,1 
(20)M 
(8)M 
(8)C,1 
(8)C 


TL074 
(14)C,1 
(20)M 
(14)M 
(14)C,I,M 
(14)C 
(10)M 


TL074x2 
(30)C 


TL081 
(8)C,1 
(20)M 
(8)M 
(8)C,1 
(8)C 


TL082 
(8)C,1 
(20)M 
(8)M 
(8)C,! 
(8)C 
Y 


TL084 
(14)C,1 
(20)M 
(14)M 
(14)C,I,M 
(14)C 
Y 


TL084x2 
(30)C 


TL2828 
(8)Z 
(8)Z 
Y 


TL2829 
(14)Z 
(14)Z 
Y 


TLC251 
(8)C 
(8)C 
Y 


TLC252 
(8)C 
(8)C 
Y 


TLC254 
(14)C 
(14)C 
(14)C 
Y 


TLC25L2 
(8)C 
(8)C 
Y 


TLC25L4 
(14)C 
(14)C 
(14)C 
Y 


TLC25M2 
(8)C 
(8)C 
Y 


SYMBOLS: 
Y = 25°C, 
C or t = O°C to 70°C 
§ = -20°C 
to 85°C 
11 = -25°C 
to 85°C 
! or # = -40°C 
to 85°C 
:j: = -40°C 
to 105°C 
"I< = -40°C 
to 125°C 
Z = -40°C 
to 150°C 
M or 0 = -55°C 
to 125°C 


DEVICE 
0 
DB 
DBV 
OW 
FK 
J 
JG 
N 
NE 
P 
PW 
U 
W 
Y(CHIP) 


TLC25M4 
(14)C 
(14)C 
(14)C 
Y 


TLC271 
(8)C,I,M 
(20)M 
(8)M 
(8)C,I,M 


TLC272 
(8)C,I,M 
(20)M 
(8)M 
(8)C,I,M 
(8)C 
y 


TLC274 
(14)C,I,M 
(20)M 
(8)M 
(14)C,I,M 
(14)C 
Y 


TLC274x2 
(30)C 


TLC277 
(8)C,I,M 
(20)M 
(8)M 
(8)C,I,M 


TLC279 
(14)C,I,M 
(20)M 
(14)M 
(14)C,I,M 


TLC27L1 
(8)C,I,M 
(8)C,I,M 


TLC27L2 
(8)C,I,M 
(20)M 
(8)M 
(8)C,I,M 


TLC27L4 
(14)C,I,M 
(20)M 
(14)M 
(14)C,I,M 
(14)C 
Y 


TLC27L7 
(8)C,I,M 
(20)M 
(8)M 
(8)C,I,M 


TLC27L9 
(14)C,I,M 
(20)M 
(14)M 
(14)C,I,M 


TLC27M2 
(8)C,I,M 
(20)M 
(8)M 
(8)C,I,M 


TLC27M4 
(14)C,I,M 
(20)M 
(14)M 
(14)C,I,M 
(14)C 
Y 


TLC27M7 
(8)C,I,M 
(20)M 
(8)M 
(8)C,I,M 


TLC27M9 
(14)C,I,M 
(20)M 
(14)M 
(14)C,I,M 


TLC1078 
(8)C,I,M 
(20)M 
(8)M 
(8)C,I,M 
Y 


TLC1079 
(14)C,I,M 
(20)M 
(14)M 
(14)C,I,M 
Y 


TLC2201 
(8)C,I,M 
(20)M 
(8)M 
(8)C,I,M 
Y 


TLC2202 
(14)C,I,M 
(20)M 
(8)M 
(8)C,I,M 
Y 


TLC2252 
(8)C,1 
(20)M 
(8)M 
(8)C,1 
(8)C,1 
(10)M 
Y 


TLC2254 
(14)C,I'" 
(20)M 
(14)M 
(14)C,I'" 
(8)C,I'" 
(14)M 
Y 


TLC2262 
(8)C,I'" 
(20)M 
(8)M 
(8)C,I'" 
(8)C,I'" 
(10)M 
Y 


TLC2264 
(14)C,I'" 
(20)M 
(14)M 
(14)C,I'" 
(14)C,I'" 
(14)M 
Y 


TLC2272 
(8)C,I,M 
(8)C,I,M 
(8)C 
Y 


TLC2274 
(14)C,I,M 
(20)M 
(14)M 
(14)C,I,M 
(14)C,1 
(14)M 
Y 


TLC2652 
(8)C,I,M 
(20)M 
(14)M 
(8)M 
(14)C,I,M 
(8)C,I,M 
Y 
(14)C,I,M 


TLC2654 
(8)C,I,M 
(20)M 
(14)M 
(8)M 
(14)C,I,M 
(8)C,I,M 
Y 
(14)C,I,M 


TLC2801 
(8)Z 
(8)Z 
Y 


TLC2810 
(8)Z 
(8)Z 
Y 


TLC2872 
(8)Z 
(8)Z 
Y 


SYMBOLS: 
Y = 25°C, 
C or t = O°C to 70°C 
§ = -20°C 
to 85°C 
11 = -25°C 
to 85°C 
lor # = -40°C 
to 85°C 


:j: = -40°C 
to 105°C 
'" = -40°C 
to 125°C 
Z = -40°C 
to 150°C 
M or 0 = -55°C 
to 125°C 


DEVICE 
0 
DB 
DBV 
OW 
FK 
J 
JG 
N 
NE 
P 
PW 
U 
W 
Y(CHIP) 


TLC4501 
(8)C,1 
Y 


TLC4502 
(8)C,1 
Y 


TLE2021 
(8)C,I,M 
(8)C 
(20)M 
(8)M 
(8)C,I,M 
(8)C 
Y 


TLE2022 
(8)C,I,M 
(8)C 
(20)M 
(8)M 
(8)C,I,M 
(8)C 
Y 


TLE2024 
(16)C,I,M 
(20)M 
(14)M 
(14)C,I,M 
Y 


TLE2027 
(8)C,I:j:,M 
(20)M 
(8)M 
(8)C,I:j:,M 
Y 


TLE2037 
(8)C,I:j:,M 
(20)M 
(8)M 
(8)C,I:j:,M 
Y 


TLE2061 
(8)C,I,M 
(8)C 
(20)M 
(8)M 
(8)C,I,M 
(8)C 
Y 


TLE2062 
(8)C,I,M 
(20)M 
(8)M 
(8)C,I,M 
Y 


TLE2064 
(14)C,I,M 
(20)M 
(14)M 
(14)C,I,M 
Y 


TLE2071 
(8)C,1 
(20)M 
(8)M 
(8)C,1 
Y 


TLE2072 
(8)C,1 
(20)M 
(8)M 
(8)C,1 
Y 


TLE2074 
(16)C,1 
(20)M 
(14)M 
(14)C,1 
Y 


TLE2081 
(8)C 
(20)M 
(8)M 
(8)C 
Y 


TLE2082 
(8)C,I,M 
(20)M 
(8)M 
(8)C,I,M 
Y 


TLE2084 
(16)C 
(20)M 
(14)M 
(14)C,1 
Y 


TLE2141 
(8)C,I:j:,M 
(20)M 
(8)M 
(8)C,I:j:,M 
Y 


TLE2142 
(8)C,I:j:,M 
(20)M 
(8)M 
(8)C,I:j:,M 
(8)C 
Y 


TLE2144 
(16)C,I:j:,M 
(20)M 
(14)M 
(14)C,I:j:,M 
Y 


TLE2161 
(8)C,I,M 
(20)M 
(8)M 
(8)C,I,M 


TLE2227 
(16)C 
(8)C 
Y 


TLE2237 
(16)C 
(8)C 
Y 


TLE2301 
(16)1 


TLE2662 
(16)1 


TLE2682 
(16)1 


TLV2211 
(5)C,1 
Y 


TLV2221 
(5)C,1 
Y 


TLV2231 
(5)C,1 
Y 


TLV2252 
(8)1 
(20)M 
(8)M 
(8)1 
(8)1 
(10)M 
Y 


TLV2254 
(14)1 
(20)M 
(14)M 
(14)1 
(14)1 
(14)M 
Y 


TLV2262 
(8)1 
(20)M 
(8)M 
(8)1 
(8)1 
(10)M 
Y 


TLV2264 
(14)1 
(20)M 
(14)M 
(14)1 
(14)1 
(14)M 
Y 


TLV2322 
(8)1 
(8)1 
(8)1 
Y 


SYMBOLS: 
Y = 25°C, 
Cor t = O°C to 70°C 
§ = -20°C 
to 85°C 
11 = - 25°C to 85°C 
I or # = -40°C 
to 85°C 
:j:= -40°C 
to 105°C 
it = -40°C 
to 125°C 
Z = -40°C 
to 150°C 
M or 0 = -55°C 
to 125°C 


DEVICE 
0 
DB 
DBV 
OW 
FK 
J 
JG 
N 
NE 
P 
PW 
U 
W 
Y(CHIP) 


TLV2324 
(14)1 
(14)1 
(14)1 
Y 


TLV2332 
(8)1 
(8)1 
(8)1 
Y 


TLV2334 
(14)1 
(14)1 
(14)1 
Y 


TLV2341 
(8}1 
(8)1 
(8)1 
Y 


TLV2342 
(8)1 
(8)1 
(8)1 
Y 


TLV2344 
(14)1 
(14)1 
(14}1 
Y 


TLV2361 
(5)C,1 
Y 


TLV2362 
(8)§ 
(8)§ 
(8)§ 
Y 


TLV2432 
(8)C,1 
(20)M 
(8)M 
(8)C,1 
(10)M 
Y 


TLV2442 
(8)C,1 
(20)M 
(8}M 
(8)C,1 
(10)M 
Y 


~A741 
(8)C,1 
(20)M 
(14)M 
(8)M 
(8)C,1 
(8}C 
(10}M 
Y 


SYMBOLS: 
Y = 25°C, 
Cor t = O°C to 70°C 
§ = -20°C 
10 85°C 
'II = -25°C 
10 85°C 
I or # = -40°C 
10 85°C 


:j: = -40°C 
10 105°C 
* = -40°C 
10 125°C 
Z = -40°C 
10 150°C 
M or 0 = -55°C 
10 125°C 


OPERATIONAL AMPLIFIER 
CROSS-REFERENCE 
GUIDE 


Replacements are based on similarity of electrical and mechanical characteristics shown in currently published data. 
Interchangeability in particular applications is not guaranteed. Before using a device as a substitute, the user should 
compare the specifications of the substitute device with the specifications of the original. 


Texas Instruments makes no warranty as to the information furnished and the buyer assumes all risk in the use 
thereof. No liability is assumed for damages resulting from the use of the information contained herein. 


Manufacturers are arranged in alphabetical order. 


ADVANCED LINEAR DEVICES 


PART NO. 
DIRECTTI 
SUGGESTED TI 
PAGE NO. 
REPLACEMENT 
REPLACEMENT 


ALD1701, ALD1702, 
TLC271 
3-415 
or ALD1703 


ANALOG DEVICES 


AD510 or AD517 
OP07 
3-95 


AD712J 
TLE2082A 
6-225 


FAIRCHILD 


IlA714 
OP07C 
3-95 


IlA714L 
OP07D 
3-95 


IlA741 
IlA741 
6-909 


IlA771 
TL071 
3-279 


!!A771A 
TL071B 
3-279 


TL081B 
3-307 


TL071A 
3-279 
IlA771B 
TL081A 
3-307 


IlA771L 
TL081 
3-307 


IlA772 
TL072 
3-279 


IlA772A 
TL072B 
3-279 


IlA772B 
TL072A 
3-279 


TL082A 
3-307 
!!A772L 
TL082 
3-307 
!!A774 
TL074 
3-279 


!!A774B 
TL074A or TL074B 
3-279 


IlA774L 
TL084 
3-307 


BURR BROWN 


OPA111 
TLC2201 
3-767 


OPA211 
TLC2202 
3-767 


GENERAL ELECTRIC 


ICL7611, ICL7612, 
TLC271 
3-415 
or ICL7613 
ICL7621 
TLC272 
3-485 


ICL7641 
TLC274 
3-617 


TLC27L9 
3-669 


ICL7642 
TLC27M9 
3-705 


~TEXAS 
INSTRUMENTS 


OPERATIONAL AMPLIFIER 
CROSS-REFERENCE 
GUIDE 


HARRIS 


PART NO. 
DIRECTTI 
SUGGESTED TI 
PAGE NO. 
REPLACEMENT 
REPLACEMENT 


HA2515 
LM318 
3-13 


HA5127 
TLE2027 
6-59 


HA5135-5 
OP07C 
3-95 


HA5137 
TLE2037 
6-59 


INTERSIL 


ICL7611, 
ICL7612, 
TLC271 
3-415 
or ICL7613 


ICL7621 
TLC272 
3-485 


TLC274 
3-617 
ICL7641 
TLC27L9 
3-669 


ICL7642 
TLC27M9 
3-705 


TLC2652 
3-983 
ICL7652 
TLC2654 
3-1007 


LINEAR TECHNOLOGY 


LT1001 
OP07C 
or OP07D 
3-95 


LT1007 
TLE2027 
6-59 


LT1037 
TLE2037 
6-59 


TLC2652 
3-983 
LTC 1052 
TLC2654 
3-1007 


MAXIM 


ICL7611, 
ICL7612, 
TLC271 
3-415 
or ICL7613 


ICL7621 
TLC272 
3-485 


TLC274 
3-617 
ICL7641 
TLC27L9 
3-669 


ICL7642 
TLC27M9 
3-705 


ICL7652 
TLC2652 
3-983 


TLC2654 
3-1007 


MOTOROLA 


MC1458 
MC1458 
3-75 


MC1558 
MC1558 
3-75 


MC1741 
~A741 
6-909 


MC3403 
RC4136 
3-101 


MC4558 
RC4558 
3-105 


MC4741 
LM348 
3-17 


MC34001 
TL071 
3-279 


LF351 
3-5 


~TEXAS 
INSTRUMENTS 


OPERATIONAL AMPLIFIER 
CROSS-REFERENCE 
GUIDE 


MOTOROLA (CONTINUED) 


PART NO. 
DIRECTTI 
SUGGESTED TI 
PAGE NO. 
REPLACEMENT 
REPLACEMENT 


TL072 
3-279 
MC34002 
LF353 
3-7 


TL074 
3-279 
MC34004 
LF347 
3-3 
r 


TL074A 
3-279 
MC34004B 
LF347B 
3-3 


MC34071 
TLE2141 
6--287 


MC34072 
TLE2142 
6--287 


MC34181 
TLE2061 
6-93 


MC34182 
TLE2062 
6--93 


MC34184 
TLE2064 
6--93 


NATIONAL 


LF347 
3-3 


LF347 
TL074 
3-279 


TL084 
3-307 


LF347B 
3-3 


LF347B 
TL074A or TL074B 
3-279 


TL084A 
3-307 


LF351 
3-5 


LF351 
TL071 
3-279 


I 
TL081A 


. 
3-307 


LF353 
3-7 


LF353 
TL072 or TL072A 
3-279 


TL082A 
3-307 


LF411 
3-9 
LF411 
TL081A 
3-307 


TL071A or TL071 B 
3-279 
LF411A 
TL081A or TL081 B 
3-307 


LF412 
3-11 


LF412 
TL072A 
3-279 


TL082A or TL082B 
3-307 


LF412-1A 
TLE2082 
6--225 


TL061 
3-233 
LF441 
TLE2061 
6--93 


LF441A 
TL061A or TL061 B 
3-233 


LF442 
TL062 
3-233 


TLE2062 
6--93 


~TEXAS 
INSTRUMENTS 


OPERATIONAL AMPLIFIER 
CROSS-REFERENCE 
GUIDE 


NATIONAL (CONTINUED) 


PART NO. 
DIRECTTI 
SUGGESTED TI 
PAGE NO. 
REPLACEMENT 
REPLACEMENT 


LF442A 
TL062B 
3-233 


TL064 
3-233 
LF444 
TLE2064 
6-93 


LF444A 
TL064A 
3-233 


LH0044 
OP07C 
3-95 


LH0044B 
OP07D 
3-95 


LM201A 
LM201A 
3-13 


LM218 
LM218 
3-13 


LM224 
LM224 
3-17 


LM248 
LM248 
3-17 


LM258 
LM258 
3-29 


LM318 
LM318 
3-13 


LM324 
3-17 
LM324 
TLE2024 
6-3 


LM348 
LM348 
3-17 


LM358 
3-29 
LM358 
TLE2022 
6-3 


LM741 
llA741 
6-909 


LM883 
RC4558 
3-105 


LM1458 
MC1458 
3-75 


LM2900 
LM2900 
3-43 


LM2902 
LM2902 
3-17 


LM2904 
LM2904 
3-29 


LM3900 
LM3900 
3-43 


LMC660 
TLC274 
3-617 


UMC662 
TLC2202 
3-767 


NEC 


uPC159 
LM318 
3-13 


uPC251 
MC1458 
3-75 


uPC354 
OP07 
3-95 


TL071 
3-279 


uPC801 
TL081A 
3-307 


LF351 
3-5 


~TEXAS 
INSTRUMENTS 


OPERATIONAL AMPLIFIER 
CROSS-REFERENCE 
GUIDE 


PMI 


PART NO. 
DIRECTTI 
SUGGESTED TI 
PAGE NO. 
REPLACEMENT 
REPLACEMENT 


OP-02 
J!A741 
6-909 


OP-07C 
OP07C 
3-95 


OP-07D 
OP07D 
3-95 


OP-07F 
RC4136 
3-101 


OP-14C or OP-14E 
MC1458 
3-75 


OP-14J 
MC1558 
3-75 


TL071 
3-279 


OP-15F 
TL081A 
3-307 


LF351 
3-5 


TL072 
3-279 


TL082A 
3-307 
OP-215F 
LF353 
3-7 


TLE2082 
6-225 


OP-215G 
TLE2082A 
6-225 


OP-21 
TLE2021 
6-3 


OP-27 
TLE2027 
6-59 


OP-37 
TLE2037 
6-59 


OP-221 
TLE2022 
6-3 


OP-421 
TLE2024 
6-3 


RAYTHEON 


RC4136 
RC4136 
3-101 


RC4156 
LM348 
3-17 


RC4157 
LM348 
3-17 


RC4558 
RC4558 
3-105 


RCA 


CA081A 
TL081 
3-307 


CA081A 
TL081A 
3-307 


CA082 
TL082 
3-307 


CA082A 
TL082A 
3-307 


CA084 
TL084 
3-307 


~TEXAS 
INSTRUMENTS 


OPERATIONAL AMPLIFIER 
CROSS·REFERENCE 
GUIDE 


SIGNETICS 


PART NO. 
DIRECTTI 
SUGGESTED TI 
PAGE NO. 
REPLACEMENT 
REPLACEMENT 


LM358 
3-29 
NE532 
TL022 
3-111 


NE5532 
NE5532 
3-85 


NE5532A 
NE5532A 
3-85 


NE5534 
3-89 
NE5534 
TLE2037 
6-59 


NE5534A 
3-89 
NE5534A 
TLE2037A 
6-59 


SE5534 
SE5534 
3-89 


SE5534A 
SE5534A 
3-89 


SGS-THOMSON 


TS271 
TLC271 
3--415 


TS271 A 
TLC271A 
3--415 


TS271B 
TLC271B 
3--415 


TS272 
TLC272 
3--485 


TS272A 
TLC272A 
3--485 


TS272B 
TLC272B 
3--485 


TS274 
TLC274 
3-617 


TS274A 
TLC274A 
3-617 


TS274B 
TLC274B 
3-617 


TS27L2 
TLC27L2 
3-551 


TS27L2A 


. 
TLC27L2A 
3-551 


TS27L2B 
TLC27L2B 
3-551 


TS27L4 
TLC27L4 
3-669 


TS27L4A 
TLC27L4A 
3-669 


TS27L4B 
TLC27L4B 
3-669 


TS27M2 
TLC27M2 
3-583 


TS27M2A 
. 
TLC27M2A 
3-583 


TS27M2B 
TLC27M2B 
3-583 


TS27M4 
TLC27M4 
3-705 


TS27M4A 
TLC27M4A 
3-705 


TS27M4B 
TLC27M4B 
3-705 


~TEXAS 
INSTRUMENTS 


OPERATIONAL AMPLIFIER 
GLOSSARY 


alia 
Average Temperature Coefficient of Input Offset Current 


The ratio of the change 
in input offset current to the change 
in free-air 
temperature. 
This is an average 
value 
for the specified 
temperature 
range. 


(110 at TA(1J 
- (110 at TA(2») 


TA(1) - TA(2) 


where 
TA(1) and TA(2) are the specified 
temperature 
extremes. 


aVIO 
Average Temperature Coeffiicient of Input Offset Voltage 


The ratio of the change 
in input offset current to the change 
in free-air 
temperature. 
This is an average 
value 
for the specified 
temperature 
range. The dc voltage that must be applied 
between 
the input terminals 
to force 
the quiescent 
dc output 
voltage 
to zero or other level, if specified. 


(VIO at TA(1») 
- (VIO at TA(2») 


TA(1) 
- 
TA(2) 


See kSVS 


<Pm 
Phase Margin 


The absolute 
value of the open-loop 
phase shift between 
the output and the inverting 
input at the frequency 
at which 
the modulus 
of the open-loop 
amplification 
is unity. 


Am 
Gain Margin 


The reciprocal 
of the open-loop 
voltage 
amplification 
at the lowest frequency 
at which the open-loop 
phase 
shift is such that the output 
is in phase 
with the inverting 
input. 


Av 
Large-Signal Voltage Amplification 


The ratio of the peak-to-peak 
output voltage 
swing to the change 
in input voltage 
required 
to drive the output 


AVD 
Differential Voltage Amplification 


The ratio of the change 
in output to the change 
in differential 
input voltage 
producing 
it with the common-mode 
input voltage 
held constant 


Bl 
Unity-Gain Bandwidth 


The range of frequencies 
within 
which the maximum 
output 
voltage 
swing 
is above 
a specified 
value. 


BOM 
Maximum-Output-Swing Bandwidth 


The range of frequencies 
within 
which the maximum 
output 
voltage 
swing 
is above 
the specified 
value. 


Cj 
Input Capacitance 


The capacitance 
between 
the input terminals 
with either input grounded 


~TEXAS 
INSTRUMENTS 


OPERATIONAL AMPLIFIER 
GLOSSARY 


CMRR, kcMR 
Common-Mode Rejection Ratio 


The ratio of differential voltage amplification to common-mode voltage amplification. 
NOTE: This is measured by determining the ratio of a change in input common-mode voltage to the resulting 
change in input offset voltage. 


F 
Average Noise Figure 


The ratio of an ideal current source (having an internal impedance equal to infinity) in parallel with the input 
terminals of the device that represents the part of the internally generated noise that can properly be 
represented by a current source. 


IcC+, 'CC- 
Supply Current 


The current into the VCC+or Vcc- terminal of an integrated circuit 


liB 
Input Bias Current 


The average of the currents into the two input terminals with the output at the specified level 


110 
Input Offset Current 


The difference between the currents into the two input terminals with the output at the specified level 


In 
Equivalent Input Noise Current 


The current of an ideal current source (having internal impedance equal to infinity) in parallel with the input 
terminals of the device that represents the part of the internally generated noise that can properly be 
represented by a current source. 


10L 
Low-Level Output Current 


The current into an output with input conditions applied that according to the product specification will 
establish a low level at the output. 


105 
Short-Circuit Output Current 


The maximum output current available from the amplifier with the output shorted to ground, to either supply, 
or to a specified point 


See CMRR 


ksvs, t"vcc, dVIO 
Supply Voltage Sensitivity 


The absolute value of the ratio of the change in supply voltages to the change in input offset voltage. 
NOTES: 1. Unless otherwise noted, both supply voltages are varied symmetrically. 


2. This is the reciprocal of supply voltage sensitivity. 


kSVR 
Supply Voltage Rejection Ratio 


The absolute value of the ratio of the change in supply voltages to the change in input offset voltage. 
NOTES: 1. Unless otherwise noted, both supply voltages are varied symmetrically. 


2. This is the reciprocal of supply voltage sensitivity. 


Po 
Total Power Dissipation 


The total dc power supplied to the device less any power delivered from the device to a load. 
NOTE: At no load: Po = VCC+• IcC+ + Vcc-· 
Icc- 


~TEXAS 
INSTRUMENTS 


OPERATIONAL AMPLIFIER 
GLOSSARY 


ri 
Input Resistance 


The resistance between the input terminals and either input grounded 


rid 
Differential Input Resistance 


The small-signal resistance between two ungrounded input terminals 


r0 
Output Resistance 


The resistance between an output terminal and ground 


SR 
Slew Rate 


The average time rate of change of the closed-loop amplifier output voltage for a step-signal input 


tr 
Rise Time 


The time required for an output voltage step to change from 10% to 90% of its final value 


ttot 
Total ResponseTime 


The time between a step-function change of the input signal and the instant at which the magnitude of the 
output signal reaches for the last time a specified level range (±£) containing the final output signal level. 


VI 
Input Voltage Range 


The range of voltage that if exceeded at either input terminal may cause the operational amplifier to cease 
functioning properly. 


VIO 
Input Offset Voltage 


The dc voltage that must be applied between the input terminals to force the quiescent dc output voltage to 
zero or other level, if specified. 


VIC 
Common-Mode Input Voltage 


The average of the two input voltages 


VICR 
Common-Mode Input Voltage Range 


The range of common-mode input voltage that if exceeded may cause the operational amplifier to cease 
functioning properly. 


Vn 
EquivalentInput Noise Voltage 


The voltage of an ideal voltage source (having internal impedance equal to zero) in series with the input 
terminals of the device that represents the part of the internally generated noise that can properly be 
represented by a voltage source. 


V01N02Crosstalk Attenuation 


The ratio of the change in output voltage of a driven channel to the resulting change in output voltage of 
another channel 


VOH 
High-LevelOutput Voltage 


The voltage at an output with input conditions applied that according to the product specification will establish 
a high level at the output. 


VOL 
Low-Level Output Voltage 


The voltage at an output with input conditions applied that according to the product specification will establish 
a low level at the output. 


~TEXAS 
INSTRUMENTS 


OPERATIONAL AMPLIFIER 
GLOSSARY 


VID 
Differential Input Voltage 


The voltage at the noninverting input with respect to the inverting input 


VOM 
Maximum Peak Output Voltage Swing 


The maximum positive or negative peak output voltage that can be obtained without waveform clipping when 
quiescent dc output voltage is zero. 


VO(PP) Maximum Peak-to-Peak Output Voltage Swing 


The maximum peak-to-peak output voltage that can be obtained without waveform clipping when quiescent 
dc output voltage is zero. 


zic 
Common-Mode Input Impedance 


The parallel sum of the small-signal impedance between each input terminal and ground 


Zo 
Output Impedance 


The small-signal impedance between the output terminal and ground 


Overshoot Factor 


The ratio of the largest deviation of the output signal value from its final steady-state value after a 
step-function change of the input signal to the absolute value of the difference between the steady-state 
output signal values before and after the step-function change of the input signal. 


~TEXAS 
INSTRUMENTS 


vooNcc 
vooNcc 
looJlcc 
VIO 
VICR 
VICR 
IOL 
tRESP 
PAGE 
OEVICE 
(V) 
(V) 
(mA per channel) 
(mV) 
(V) 
(V) 
(mA) 
(Ils) 
OESCRIPTION 
NO. 
min 
max 
max 
max 
min 
max 
min 
low-to-high 


LM111 
3.5 
30 
6 
3 
-14.7 
13.8 
0.115 
Single, strobed differential 
7-3 


LM139 
3.5 
30 
0.8 
5 
0 
6 
0.3 
Quad, general purpose differential 
7-19 


LM211 
3.5 
30 
6 
3 
-14.7 
13.8 
0.115 
Single, strobed differential 
7-3 


LM239 
3.5 
30 
0.8 
5 
0 
6 
0.3 
Quad, general purpose differential 
7-19 


LM306 
~ 
12 
6.8 
5 
-5 
5 
100 
0.028 
Single, strobed, high speed differential 
7-33 


LM311 
3.5 
30 
7.5 
7.5 
-14.7 
13.8 
0.115 
Single, strobed differential 
7-3 


LM339 
4 
30 
0.8 
5 
0 
6 
0.3 
Quad, general purpose differential 
7-19 


LM339x2 
4 
30 
0.5 
5 
0 
3.5 
6 
0.3 
Octal, general purpose differential 
7-41 


LM393 
4 
36 
1 
5 
0 
6 
0.3 
Dual, general purpose differential 
7-27 


LM2901 
4 
30 
0.8 
7 
0 
6 
0.3 
Quad, general purpose differential 
7-19 


LM2903 
2 
36 
1 
7 
0 
6 
0.3 
Dual, general purpose differential 
7-27 


LM3302 
2 
28 
0.2 
20 
0 
3.5 
6 
0.3 
Quad, general purpose differential 
7-45 


LP111 
4 
30 
0.3 
7.5 
-14.5 
13.5 
1.2 
Single, low-power, 
strobed differential 
7-49 


LP211 
4 
30 
0.3 
7.5 
-14.5 
13.5 
1.2 
Single, low-power, 
strobed differential 
7-49 


LP239 
5 
30 
0.1 
i5 
0 
1.3 
Quad, low-power, 
general purpose differential 
7-53 


LP311 
4 
30 
0.3 
7.5 
-14.5 
13.5 
1.2 
Single, low-power, 
strobed differential 
7-49 


LP339 
5 
30 
0.1 
i5 
0 
1.3 
Quad, low-power, 
general purpose differential 
7-53 


LP2901 
5 
30 
0.1 
i5 
0 
1.3 
Quad, low-power, 
general purpose differential 
7-53 


TL193 
2 
7 
0.8 
5 
0 
3.8 
6 
0.2 
Dual, general purpose differential 
7-59 


TL293 
2 
7 
0.8 
5 
0 
3.8 
6 
0.2 
Dual, general purpose differential 
7-59 


TL393 
2 
7 
0.8 
5 
0 
3.8 
6 
0.2 
Dual, general purpose differential 
7-59 


TL712 
4.75 
5.25 
20 
5+ 
0 
5 
16 
0.025 
Differential 
7~5 


TL714 
4.75 
5.25 
12 
10+ 
0 
5 
16 
0.006 
High-speed 
differential 
7~9 


TL3016t 
-7 
7 
12.5 
3 
-3.75 
3.5 
Ultra-fast low-power precision 
7-73 


TL3116t 
-7 
7 
14.7 
3 
-5 
2.5 
Ultra-fast low-power precision 
7~3 


TLC139 
3 
16 
0.08 
5 
0 
Quad, micropower, LinCMOS 
7-93 


TLC339 
3 
16 
0.08 
5 
0 
Quad, micropower, LinCMOS 
7-93 


TLC352 
1.4 
16 
0.15 
5 
0 
4 
6 
0.2 
Dual, low voltage, LinCMOS differential 
7-109 


TLC354 
1.4 
16 
0.15 
5 
0 
4 
6 
0.2 
Quad, low voltage, LinCMOS differential 
7-117 


TLC371 
3 
16 
0.15 
5 
0 
4 
6 
0.2 
Single general purpose LinCMOS differential 
7-127 


TLC372 
3 
16 
0.15 
5 
0 
4 
6 
0.2 
Dual general purpose LinCMOS differential 
7-137 


This device is in the Advanced Information sta e of develo 
men!. 


en 
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VDoNcc 
VDoNcc 
IDofIcc 
VIO 
VICR 
VICR 
IOL 
tRESP 
PAGE 
DEVICE 
(V) 
(V) 
(mA per channel) 
(mV) 
(V) 
(V) 
(mA) 
(~s) 
DESCRIPTION 
NO. 
min 
max 
max 
max 
min 
max 
min 
low-to-high 


TLC374 
3 
16 
0.15 
5 
0 
4 
6 
0.2 
Quad general purpose LinCMOS differential 
7-149 


TLC393 
3 
16 
0.02 
5 
0 
4 
6 
1.1 
Dual, micropower, LinCMOS voltage 
7-161 


TLC3702 
3 
16 
0.02 
5 
0 
4 
4 
1.1 
Dual, micropower, push-pull 
outputs, LinCMOS voltage 
7-177 


TLC3704 
3 
16 
0.02 
5 
0 
4 
4 
1.1 
Quad, micropower, push-pull 
outputs, LinCMOS voltage 
7-199 


TLV1391 
2 
7 
0.150 
5 
0 
3.8 
0.600 
0.65 
Single differential 
7-223 


TLV1393 
2 
7 
0.125 
5 
0 
1.8 
0.5 
0.7 
Dual low-voltage, 
low power differential 
7-235 


TLV2352 
2 
8 
0.125 
5 
0 
2 
6 
0.2 
Dual low voltage LinCMOS differential 
7-251 


TLV2354 
2 
8 
0.125 
5 
0 
2 
6 
0.2 
Quad low voltage LinCMOS differential 
7-265 


TLV2393 
2 
7 
0.65 
5 
0 
1.8 
4 
0.45 
Dual low voltage differential 
7-235 


DEVICE 
D 
DB 
DBV 
FK 
J 
JG 
N 
P 
PW 
U 
W 
Y(CHIP) 


LM111 
(20)0 
(14)0 
(B)O 
(10)0 


LM139 
(14)0 
(14)0 
(14)0 
(14)0 


LM139A 
(14)0 
(20)0 
(14)0 
(14)0 


LM193 
(B)O 
(20)0 
(B)O 
(B)O 


LM211 
(B)~ 
(B)~ 


LM239 
(14)§ 
(14)§ 


LM239A 
(14)§ 
(14)§ 


LM2901 
(14)* 
(14)* 
(14)* 


LM2901Q 
(14)* 
(14)* 


LM2903 
(B)* 
(B)* 
(B)* 
(B)* 


LM2903Q 
(B)* 
(B)* 


LM293 
(B)§ 
(B)§ 


LM293A 
(B)§ 
(B)§ 


LM306 
(B)t 
(B)t 


LM311 
(B)t 
(B)t 
(B)t 
(B)t 
Y 


LM3302 
(14)~ 
(14)~ 
(14)~ 


LM339 
(14)t 
(14)t 
(14)t 
(14)t 
Y 


LM339A 
(14)t 
(14)t 
Y 


LM339x2 
(30)t 


LM393 
(B)t 
(B)t 
(B)t 
(B)t 
Y 


LM393A 
(B)t 
(B)t 
Y 


LP111 
(20)0 
(B)O 


LP211 
(B)§ 
(B)§ 
(B)§ 


LP239 
(14)§ 
(14)§ 
(14)§ 


LP2901 
(14)~ 
(14)~ 
(14)~ 


LP311 
(B)t 
(B)t 
(B)t 


LP339 
(14)t 
(14)t 
(14)t 


TL393 
(B)# 
(B)# 
(B)# 
Y 


TL712 
(B)C 
(B)C 
(B)C 
(B)C 


TL714 
(B)C 
(B)C 


TL3016 
(B)C,I 
(B)C,I 
y 


TL3116 
(B)C,I 
(B)C,I 
Y 


TLC139 
(20)M 
(14)M 


SYMBOLS: 
Y = 25°C. 
C or t = DoCto 70°C 
§ = - 25°C to B5°C 
I or ~ = -40°C 
to B5°C 
# = -40°C 
to 105°C 
Q or * = -40°C 
to 125°C 
M or 0 = -55°C 
to 125°C 


en 
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0." 
Z> 
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DEVICE 
D 
DB 
DBV 
FK 
J 
JG 
N 
P 
PW 
U 
W 
Y(CHIP) 


TLC339 
(14)C,I,Q,M 
(14)C,I,Q,M 


TLC352 
(B)C,I 
(20)M 
(B)M 
(B)C,I 


TLC354 
(14)C,I,M 
(14)C,I,M 
(14)C 
Y 


TLC371 
(B)C,I,M 
(B)C,I,M 
Y 


TLC372 
(B)C,I,Q,M 
(20)M 
(B)M 
(B)C,I,Q,M 
(B)C 
Y 


TLC374 
(14)C,I,M,Q 
(20)M 
(14)M 
(14)C,I,M,Q 
(14)C 


TLC393 
(B)C,I,M 
(20)M 
(B)M 
(B)C,I,M 


TLC3702 
(B)C,I 
(20)M 
(B)Q,M 
(B)C,I 


TLC3704 
(14)C,1 
(20)M 
(14)Q,M 
(14)C,1 


TLV1391 
(5)C,1 
Y 


TLV1393 
(B)# 
(B)# 
(B)# 
Y 


TLV2352 
(B)I 
(B)I 
(B)I 
Y 


TLV2354 
(14)1 
(14)1 
(14)1 
Y 


TLV2393 
(B)# 
(B)# 
(B)# 
Y 


SYMBOLS: 
Y = 25°C, 
C or t = O°C to 70°C 
§ = - 25°C to B5°C 
I or 11 = -40°C 
to B5°C 
# = -40°C to 105°C 
Q or f< = -40°C 
to 125°C 
M or 0 = -55°C 
to 125°C 


COMPARATOR 
CROSS-REFERENCE 
GUIDE 


Replacements are based on similarity of electrical and mechanical characteristics shown in currently published data. 
Interchangeability in particular applications is not guaranteed. Before using a device as a substitute, compare the 
specifications of the substitute device with the specifications of the original. 


Texas Instruments makes no warranty as to the information furnished and the buyer assumes all risk in the use 
thereof. No liability is assumed for damages resulting from the use of the information contained herein. 


Manufacturers are arranged in alphabetical order. 


LINEAR TECHNOLOGY 


PART NO. 
DIRECTTI 
SUGGESTED TI 
PAGE NO. 
REPLACEMENT 
REPLACEMENT 


LT1017 
TLC352 
7-109 


TLC3702 
7-177 


TLC352 
7-109 
LT1018 
TLC3702 
7-177 


NATIONAL 


LM311 
LM311 
7-3 


LM339 
7-19 
LM339 
TLC339 
7-93 


LM393 
7-27 
LM393 
TLC393 
7-161 


LM2901 
LM2901 
7-19 


TLC339 
7-93 


LM3302 
LM3302 
7-45 


LP339 
LP339 
7-53 


TLC339 
7-93 


PMI 


LM339 
7-19 


CMP04F 
LM2901 
7-19 


LM3302 
7-45 


TLC339 
7-93 


~TEXAS 
INSTRUMENTS 


COMPARATOR 
GLOSSARY 


Average Temperature Coefficient of Input Offset Current 
The ratio of the change 
in input offset current to the change 
in free-air 
temperature. 
This is an average 
value 
for the specified 
temperature 
range. 


(110 at TA(1)) 
- (110 at TA(2)) 


TA(1) - 
TA(2) 


where 
TA(1) and TA(2) are the specified 
temperature 
extremes. 


Average Temperature Coefficient of Input Offset Voltage 
The ratio of the change 
in input offset current to the change 
in free-air 
temperature. 
This is an average 
value 
for the specified 
temperature 
range. 


(Via at TA(1)) 
- (Via at TA(2)) 


TA(1) - 
TA(2) 


where 
TA(1) and TA(2) are the specified 
temperature 
extremes. 


Differential Voltage Amplification 
The ratio of the change 
in output to the change 
in differential 
input voltage 
producing 
it with the common-mode 


input voltage 
held constant 


See kCMR 


Icc+,lcC- 


Supply Current 
The current 
into the VCC+ or VCC- terminal 
of an integrated 
circuit 


IIH(S) 
High-Level Strobe Current 
The current 
flowing 
into or out oft 
the strobe 
at a high-level 
voltage 


liB 
Input Bias Current 
The average 
of the currents 
into the two input terminals 
with the output 
at the specified 
level 


IIL(S) 
Low-Level Strobe Current 
The current 
flowing 
out oft 
the strobe 
at a low-level 
voltage 


110 
Input Offset Current 
The difference 
between 
the currents 
into the two input terminals 
with the output 
at the specified 
level 


10H 
High-Level Output Current 
The 
current 
into an output 
with 
input 
conditions 
applied 
that 
according 
to the product 
specification 
will 
establish 
a high level at the output. 


10L 
Low-Level Output Current 
The 
current 
into an output 
with 
input 
conditions 
applied 
that 
according 
to the product 
specification 
will 
establish 
a low level at the output. 


kcMR orCMRR 
Common-Mode Rejection Ratio 
The ratio of differential 
voltage 
amplification 
to common-mode 
voltage 
amplification. 


NOTE: 
This is measured 
by determining 
the ratio of a change 
in input common-mode 
voltage to the resulting 
change 
in input offset voltage. 


~TEXAS 
INSTRUMENTS 


COMPARATOR 
GLOSSARY 


Total Power 
Dissipation 
The total dc power 
supplied 
to the device 
less any power delivered 
from the device 
to a load. 


NOTE: 
At no load: PD = Vcc+ 
• Icc+ 
+ Vcc-· 
Icc_· 


Output 
Resistance 
The resistance 
between 
an output terminal 
and ground 


Common-Mode 
Input Voltage 
The average 
of the two input voltages 


Common-Mode 
Input Voltage 
Range 
The range of common-mode 
input voltage 
that if exceeded 
may cause the comparator 
to cease functioning 
properly. 


Differential 
Input Voltage 
The voltage 
at the noninverting 
input with respect 
to the inverting 
input 


Differential 
Input Voltage 
Range 
The range of voltage 
between 
the two input terminals 
that if exceeded 
may cause the comparator 
to cease 
functioning 
properly. 


Input Voltage 
Range 
The range of voltage that if exceeded 
at either input terminal 
may cause the comparator 
to cease functioning 
properly. 


High-Level 
Strobe 
Voltage 
For a device 
having an active-low 
strobe, 
a voltage 
within that range is guaranteed 
not to interfere 
with the 
operation 
of the comparator. 


Low-Level 
Strobe 
Voltage 
For a device 
having 
an active-low 
strobe, 
a voltage 
within the range that is guaranteed 
to force the output 
high or low, as specified, 
independently 
of the differential 
inputs. 


Input Offset 
Voltage 
The dc voltage 
that must be applied 
between 
the input terminals 
to force the quiescent 
dc output 
voltage 
to 
the specified 
level. 


High-Level 
Output 
Voltage 
The voltage 
at an output with input conditions 
applied that according 
to the product 
specification 
will establish 
a high level at the output. 


Low-Level 
Output 
Voltage 
The voltage 
at an output with input conditions 
applied that according 
to the product 
specification 
will establish 
a low level at the output. 


Response 
Time 
The interval 
between 
the application 
of an input step function 
and the instant 
the output 
crosses 
the logic 
threshold 
voltage. 


NOTE: 
The input step drives the comparator 
from some initial condition 
sufficient 
to saturate 
the output 
(or 
in the case of high-to-Iow-Ievel 
response 
time, to turn the output 
off) to an input level just barely 
in 
excess of that required 
to bring the output back to the logic threshold 
voltage. 
This excess 
is referred 
to as the voltage 
overdrive. 


Strobe 
Release 
Time 
The time required for the output to rise to the logic threshold 
voltage 
after the strobe terminal 
has been driven 
from its active 
logic level to its inactive 
logic level. 
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SPECIAL FUNCTIONS 
SELECTION GUIDE 


IDo/ICC 
TIMING 
PAGE 
DEVICE 
TA 
PACKAGES 
DESCRIPTION 
(mA) 
TO 
FROM 
NO. 


NE555 
±200 
1011S 
Hours 
O°C to 70°C 
D, P, Y 
Single bipolar timer 


NE556 
±200 
1011S 
Hours 
O°C to 70°C 
D,N 
Dual bipolar timer 


SA555 
±200 
1011S 
Hours 
-40°C 
to 85°C 
D,P 
Single bipolar timer 


SA556 
±200 
10 llS 
Hours 
-40°C 
to 85°C 
D,N 
Dual bipolar timer 


SE555 
±200 
111S 
Hours 
-55°C 
to 125°C 
D, FK, JG, P 
Single bipolar timer 


SE555C 
±200 
111S 
Hours 
-55°C 
to 125°C 
D, FK, JG, P 
Single bipolar timer 


SE556 
±200 
111S 
Hours 
- 55°C to 125°C 
D, FK, J, N 
Dual bipolar timer 


SE556C 
±200 
111S 
Hours 
-55°C 
to 125°C 
D, FK, J, N 
Dual bipolar timer 


TLC551 
100 
111s 
Hours 
O°C to 70°C 
D, P, Y 
Single LinCMOS high- 


-1Ot 
speed timer 


TLC552 
100 
111S 
Hours 
O°C to 70°C 
D,N 
Dual LinCMOS high-speed 
-1Ot 
timer 


100 
O°C to 70°C 
Single LinCMOS high- 
TLC555 
111S 
Hours 
-40°C 
to 85°C 
D, FK, JG, P, Y 
-10 
-55°C 
to 125°C 
speed timer 


100 
O°C to 70°C 
Dual LinCMOS high-speed 
TLC556 
111S 
Hours 
-40°C 
to 85°C 
D, FK, J, N 
-10 
-55°C 
to 125°C 
timer 


This 
arameter is at 1-V 0 eration. 


VDoNcc 
'Do/ICC 
BW 
tr(Video~I tf(video) 
AV 
PAGE 
DEVICE 
(V) 
(mA per channel) 
(VN) 
DESCRIPTION 
min 
max 
typ 
(MHz) 
ns) 
(max) 
NO. 


TLS1233 
11 to 13 
84 
100 
3.5 
7.8 
video preamplifier 
system 


TLS1255 
11 to 13 
110 
100 
3.5 
7.6 
Video preamplifier 
system 


!1A733 
200 
2.5 
12 
Video amplifier with internal fre- 
quency compensation 
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TPA0102 
STEREO 1.S-W AUDIO POWER AMPLIFIER 


• 
High Power with PC Power Supply 
- 1.5 W/Ch at 5 V 
- 
600 mW/Ch at 3 V 


• 
Ultra-Low Distortion 
< 0.05% THD+N at 1.5 Wand 4-0 Load 


• 
Bridge-Tied 
Load (BTL) or Single Ended 
(SE) Modes 


• 
Stereo Input MUX 
• 
Surface Mount Power Package 
24-Pln TSSOP 


• 
Uncompensated 
Gains of 1 to 10 


• 
Shutdown 
Control ... 
-100 < 1 ~ 


description 


The TPA0102 is a stereo audio power amplifier in 
L- - - - ~-- 


a 24-pin TSSOP thermal package capable of 
delivering greater than 1.5 W of continuous RMS 
power 
per 
channel 
into 
4-0 
loads. 
This 
functionality 
provides a very efficient upgrade 
path from the TPA4860 and TPA4861 mono 
amplifiers 
where 
two 
separate 
devices 
are 
required for stereo speaker-driver applications plus a third device for headphone drive. This implementation 
simplifies design and frees up board space for other features. Full power distortion levels of 200 m% THO+N 
from a 5-V supply voltage are typical. This provides significant improvement infidelity for speech and music over 
the popular TPA4860/61 
series. Low-voltage applications are also well served by the TPA0102 providing 
600-mW per channel into 4-0 loads with a 3.3-V supply voltage. 


Amplifier gain is externally configured by means of two resistors per input channel and does not require external 
compensation for settings of 2 to 20 in BTL mode (1 to 10 in SE mode). An input MUX circuit is integrated to 
allow two sets of stereo inputs to the amplifier. In notebook applications, where internal speakers are driven as 
BTL and the line (often headphone drive) outputs are required to be SE, the TPA0102 automatically switches 
into SE mode when SE/BTL input activated. Connection of the SE/BTLcontrol signal tothe HP/LINE select input 
accomplishes automatic selection of different audio paths for headphone or internal-speaker drive. Using the 
TPA0102 to drive line outputs, up to 500 mW/Ch 
into external 4 0 loads at 200 m% THO is ideal for small 
non-powered external speakers in portable multimedia systems. The TPA0102 also features a showdown 
function for power sensitive applications holding the bias current below 1 1lA. In speakerphone or other 
monaural applications, the TPA0102 is configured through the power supply terminals to activate only half of 
the amplifier which reduces quiescent current by approximately 1/2 for the given voltage. 


PACKAGE 


TA 
TSSOPt 
(PWP) 


-20°C 
to 85°C 
TPA0102PWP 
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TPA0102 
STEREO 1.5-W AUDIO POWER AMPLIFIER 


GND/HS 
NC 
LOUT+ 
LLiNEIN 
LHPIN 
LBYPASS 


LVDD 
SHUTDOWN 
MUTE OUT 
LOUT- 
MUTE IN 
GND/HS 


PWPPACKAGE 
(TOP VIEW) 


GND/HS 
NC 
ROUT+ 
RLiNEIN 
RHPIN 
BYPASS 


RVDD 
NC 
HP/LINE 
ROUT- 
SElBTL 
GND/HS 
Figure 1. Bottom View of PWP Package, 
Showing the Thermal Pad 


TERMINAL 
I/O 
DESCRIPTION 
NAME 
NO. 


GND/HS 
1 
Provides ground connection for circuitry, directly connected to heat sink pad. 


NC 
2 
No internal connection. 


LOut+ 
3 
0 
Left channel + output in BTL mode, + output in SE mode. 


L Line In 
4 
I 
Left channel line input, selected when UP/Line pin (16) is held low. 


LHPln 
5 
I 
Left channel headphone input, selected when liP/line 
pin (16) is held high. 


L Bypass 
6 
Tap to voltage divider for left channel internal mid-supply bias. 


LVDD 
7 
I 
Supply voltage input for left channel and for primary bias circuits. 


Shutdown 
6 
I 
Places entire IC in shutdown mode when held high, IDD < I uA. 


Mute Out 
9 
0 
Follows Mute In pin (14), provides buffered output. 


LOut- 
10 
0 
Left channel- 
output in BTL mode, high impedance state in SE mode. 


Mute In 
11 
I 
Mute all amplifiers, hold low for normal operation, hold high to mute. 


GND/HS 
12,13 
Provides ground connection for circuitry, directly connected to heat sink pad. 


SElBTL' 
14 
I 
Hold low for BTL mode, hold high for SE mode. 


ROut- 
15 
0 
Left channel- 
output in BTL mode, high impedance state in SE mode. 


BPlLine 
16 
I 
Input mux control input, hold high to select UR BP In (5, 20), hold low to select UR Line In (4, 2 1). 


NC 
17 
No internal connection. 


RVDD 
16 
I 
Supply voltage input for right channel. 


R Bypass 
19 
Tap to voltage divider for right channel internal mid-supply 
bias. 


RBPln 
20 
I 
Right channel headphone input, selected when HP/Line pin (16) is held high. 


R Line In 
21 
I 
Fight channel line input, selected when BP/Line pin (16) is held low. 


ROut+ 
22 
0 
Right channel + output In BTL mode, + output in SE mode. 


NC 
23 
No intemal connection. 


GNDIHS 
24 
Provides ground connection for circuitry, directly connected to heat sink pad. 
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TPA0102 
STEREO 1.S-W AUDIO POWER AMPLIFIER 


absolute 
maximum 
ratings over operating 
free-air temperature 
range (unless 
otherwise 
noted)t 


Supply voltage, Voo 
6 V 
Continuous total power dissipation 
internally limited 


t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional 
operation of the device at these or any other conditions 
beyond those indicated under "recommended 
operating conditions" 
is not 
implied. Exposure to absolute-maximum-rated 
conditions for extended periods may affect device reliability. 


MIN 
NOM 
MAX 
UNIT 


Supply Voltage, VOO 
3 
5 
5.5 
V 


Operating free-air temperature, 
TA 
-20 
85 
°C 
IVOO = 5 V 
1.25 
4.5 
Common mode input voltage. VICM 
IVOO= 3.3V 
V 
1.25 
2.7 


PARAMETER 
TEST CONDITIONS 
MIN 
TYpt 
MAX 
UNIT 


ST, BTL 
17 
25 
mA 


ST, SE 
9 
15 
mA 
VOO=5 
V 
Mono, BTL 
9 
15 
mA 


100 
Mono, SE 
5 
10 
mA 
Quiescent current 
ST, BTL 
5.5 
10 
mA 


ST, SE 
3.1 
5 
mA 
VOO=3.3 
V 
Mono, BTL 
3.1 
5 
mA 


Mono, SE 
1.9 
3 
mA 


Vodiff 
OC different output voltage 
Gain = 2, 
See Note 1 
5 
11 
mV 


VOO=5 
V 
670 
IOO(MUTE) 
Supply current in Mute mode 
VOO = 3.3 V 
J.1A 
450 


ISO 
'00 in shutdown 
1 
10 
J.1A 
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TPA0102 
STEREO 1.S-W AUDIO POWER AMPLIFIER 


PARAMETER 
TEST CONDITIONS 
MIN 
TYP 
MAX 
UNIT 


THO =0.2%, 
BTl 
1.25 
W 
THO= 
1%, 
BTl 
1.5 
P(OUT) 
Output power (each channel) see Note 2 
THO= 
0.2%, 
SE 
500 
mW 
THO= 
1%, 
SE 
600 


THO+N 
Total harmonic distortion plus noise 
Po= 1 W, 
1= 20 - 20 kHz 
200 
mOlo 


BOM 
Maximum output power bandwidth 
G= 10, 
THO < 5 % 
>20 
kHz 


BTl 
66° 
72° 


Phase margin 
Open load 
56° 
71° 


SE 
46° 
52° 


1=1 
kHz, 
70 
75 
PSRR 
Power supply ripple rejection 
dB 
I = 20 - 20 kHz, 
55 
60 


Mute attenuation 
85 
dB 


Channel-to-channel 
output separation 
65 
dB 


Line/HP input separation 
100 
dB 


BTl attenuation 
in SE mode 
100 
dB 


ZI 
Input impendance 
MQ 


Vn 
Output noise voltage 
25 
uV(rms) 


NOTES: 
1. 
At 3 V < VOO < 5 V the DC output voltage is approximately 
VOO/2. 
2. 
Output power is measured at the output pins of the IC at 1 kHz. 


PARAMETER 
TEST CONDITIONS 
MIN 
TYP 
MAX 
UNIT 


THO = 0.2% 
BTl 
600 


THO= 
1% 
BTl 
750 
P(OUT) 
Output power (each channel) see Note 2 
mW 
THO =0.2%, 
SE 
200 


THO= 
1%, 
SE 
250 


THO+N 
Total harmonic distortion plus noise 
Po = 600 mW, 
1= 20 - 20 kHz 
250 
mOlo 


BOM 
Maximum output power bandwidth 
G= 10, 
THO < 5 % 
>20 
kHz 


BTl 
78° 
92° 


Phase margin 
Open load 
49° 
70° 
deg 


SE 
52° 
57° 


PSRR 
Power supply ripple rejection 
f= 1 kHz, 
65 
70 
dB 
I = 20 - 20 kHz, 
50 
55 


Mute attenuation 
85 
dB 


Channel-to-channel 
output separation 
65 
dB 


Line/HP input separation 
100 
dB 


BTl attenuation 
in SE mode 
100 
dB 


ZI 
Input impendance 
MQ 


Vn 
Output noise voltage 
25 
uV(rms) 


NOTES: 
1. 
At 3 V < VOO < 5 V the OC output voltage is approximately 
Vool2. 
2. 
Output power is measured at the output pins 01the 1 C at 1 kHz. 
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TPA0102 
STEREO 1.S-W AUDIO POWER AMPLIFIER 


Bias, 
Clip and 
MUX 
Control 
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TPA302, TPA302Y 
300-mW STEREO AUDIO POWER AMPLIFIER 


• 
300-mW Stereo Output 
• 
PC Power Supply Compatibility 
5-V and 
3.3-V Specified Operation 


• 
Shutdown 
Control 
• 
Internal Mid·Raii Generation 
• 
Thermal and Short-Circuit 
Protection 


• 
Surface-Mount 
Packaging 
• 
Functional 
Equivalent of the LM4880 


description 


The TPA302 
is a stereo audio power amplifier 
capable 
of delivering 
250 mW of continuous 
average 
power into 
an 8-0 
load at less than 0.06% THO+N 
from a5-V 
power supply or up to 300 mW at 1% THO+N. 
The TPA302 
has high current 
outputs 
for driving 
small unpowered 
speakers 
at 8 0 or headphones 
at 32 O. For headphone 
applications 
driving 
32-0 
loads, the TPA302 
delivers 
60 mW of continuous 
average 
power at less than 0.06% 
THO+ N. The amplifier 
features 
a shutdown 
function 
for power-sensitive 
applications 
as well as internal 
thermal 
and short-circuit 
protection. 
The amplifier 
is available 
in an 8-pin sOle (0) package 
that reduces 
board space 
and facilitates 
automated 
assembly. 


Vo1 
SHUTDOWN 
BYPASS 
IN2 


o PACKAGE 
(TOP VIEW) 
o1 
8 


2 
7 


3 
6 


4 
5 


IN1 
GND 
Voo 
Vo2 


typical application circuit 
,--------------------------------, 
I 
II 
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TPA302, TPA302Y 
300-mW STEREO AUDIO POWER AMPLIFIER 


PACKAGED 
DEVICES 


TA 
SMALL 
OUTLINEt 
CHIP FORM 


(D) 


-20°C 
to 85°C 
TPA302D 
TPA302Y 
t The D packages are available taped and reeled. To order a taped 
and reeled part, add the suffix R (e.g., TPA302DR) 


TPA302Y chip information 


This chip, when properly assembled, display characteristics similar to the TPA302. Thermal compression or 
ultrasonic bonding may be used on the doped-aluminum bonding pads. This chip may be mounted with 
conductive epoxy or a gold-silicon preform. 


BONDING 
PAD ASSIGNMENTS 


VDD 
(6) 


GND 
(7) 


IN1 
(8) 
(1) 


BYPASS 
(3) 
V01 


SHUTDOWN 


IN2 
(4) 
(5) 
V02 


CHIP THICKNESS: 
15 MILS TYPICAL 


BONDING 
PADS: 4 x 4 MILS MINIMUM 


TJmax = 150°C 


TOLERANCES 
ARE ±10%. 


ALL DIMENSIONS 
ARE IN MILS. 


PIN (7) IS INTERNALLY 
CONNECTED 
TO BACKSIDE 
OF CHIP. 
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TPA302, TPA302Y 
300·mW STEREO AUDIO POWER AMPLIFIER 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted)* 


Supply voltage, VDD 
6 V 
Input voltage, VI 
-0.3 V to VDD + 0.3 V 
Continuous total power dissipation 
Internally Limited (See Dissipation Rating Table) 
Operating junction temperature range, TJ 
-20°C to 150° C 
Storage temperature range, Tstg 
-65°C to 150°C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds 
260°C 
t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
lunctional 
operation 01the device at these or any other conditions 
beyond those indicated under "recommended 
operating conditions" 
is not 
implied. Exposure to absoiute-maximum-rated 
conditions lor extended periods may affect device reliability. 


DISSIPATION 
RATING TABLE 


TA" 
25°C 
DERATING FACTOR 
TA = 70°C 
TA = 85°C 
POWER RATING 
ABOVE TA = 25°C 
POWER RATING 
POWER RATING 


731 mW 
5.8 mW/oC 
460 mW 
380 mW 


MIN 
MAX 
UNIT 


Supply voltage, VOO 
2.7 
5.5 
V 


Operating Iree-air temperature, 
TA 
-20 
85 
°C 


PARAMETER 
TEST CONDITION 
MIN 
TYP 
MAX 
UNIT 


100 
Quiescent current 
2.25 
5 
mA 


VIO 
Offset voltage 
5 
20 
mV 


PSRR 
Power supply rejection ratio 
VOO = 3.2 V to 3.4 V 
55 
dB 


ISO 
Quiescent current in shutdown 
0.6 
20 
~A 


PARAMETER 
TEST CONDITION 
MIN 
TYP 
MAX 
UNIT 


THO <0.08% 
100 


Gain = -1, 
THO< 
1% 
125 
Po 
Output power 
1= 1 kHz 
mW 
THO <0.08%, 
RL= 32 Q 
25 


THO< 
1%, 
RL= 32 Q 
35 


BOM 
Maximum output power bandwidth 
Gain = 10, 
1%THO 
20 
kHz 


B1 
Unity gain bandwidth 
Open loop 
1.5 
MHz 


Channel separation 
1=1 
kHz 
75 
dB 


kSVR 
Supply ripple rejection ratio 
1=1 
kHz 
45 
dB 


Vn 
Noise output voltage 
Gain =-1 
10 
~Vrms 
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TPA302, TPA302Y 
300-mW STEREO AUDIO POWER AMPLIFIER 


PARAMETER 
TEST CONDITION 
MIN 
TYP 
MAX 
UNIT 


100 
Quiescent current 
4 
10 
mA 


VIO 
Offset voltage 
See Note 1 
5 
20 
mV 


PSRR 
Power supply rejection ratio 
VOO = 4.9 V to 5.1 V 
65 
dB 


ISO 
Quiescent current in shutdown 
0.6 
llA 


PARAMETER 
TEST CONDITION 
MIN 
TYP 
MAX 
UNIT 


THO <0.06% 
250 


Gain=-l, 
THO< 
1% 
300 
Po 
Output power 
f = 1 kHz 
mW 
THO < 0.06%, 
RL=32Q 
60 


THO< 
1%, 
RL=32Q 
80 


BOM 
Maximum output power bandwidth 
Gain = 10, 
l%THO 
20 
kHz 


Bl 
Unity gain bandwidth 
Open loop 
1.5 
MHz 


Channel separation 
f = 1 kHz 
75 
dB 


kSVR 
Supply ripple rejection ratio 
f = 1 kHz 
45 
dB 


Vn 
Noise output voltage 
Gain =-1 
10 
IlVrms 


RF 


VDD 


Stereo Audio 
-::- 
CB 
Input 
RI 


R~ 
8 
IN1- 


3 
BYPASS 
-::- 
CI 


From Shutdown 
RL 
RL 


Control Circuit (TPA4860) 
,cJ 1 
Stereo 


L~ 
~I 


RI 
4 
IN2- 
250 mW per Channel at RL = 8 Q 
60 mW per Channel at RL = 32 Q 


RF 
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TPA302, TPA302Y 
300-mW STEREO AUDIO POWER AMPLIFIER 


FIGURE 


vs Frequency 
1-3,7-9, 
13-15,19--21 
THO+N 
Total harmonic distortion plus noise 


vs Output power 
~, 
10-12 
16-18,22-24 


100 
Supply current 
vs Supply voltage 
25 
Supply current distribution 
vs Free-air temperature 
26 


Vn 
Output noise voltage 
vs Frequency 
27,28 


Maximum package power dissipation 
vs Free-air temperature 
29 


Power dissipation 
vs Output power 
30,31 


Pomax 
Maximum output power 
vs Free-air temperature 
32,33 


Po 
Output power 
vs Load resistance 
34 
vs Supply voltage 
35 


Open loop response 
vs Frequency 
36 


Closed loop response 
vs Frequency 
37 


Crosstalk 
vs Frequency 
38,39 


PSRR 
Power supply rejection ratio 
vs Frequency 
40,41 


TOTAL HARMONIC DISTORTION PLUS NOISE 
vs 
FREQUENCY 


TOTAL HARMONIC DISTORTION PLUS NOISE 
vs 
FREQUENCY 
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::::::::: 
VCC = 5 V 
~ 
Po = 250 mW 
RL=8Q 
- 
G =-1 
- 


== 


/ 
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:'\. 
V02", 
,/ 


VOl == 
- 
- 
- 


- 
VCC -5V 
= Po 
250mW 
- 
RL=8Q 
_ G=-5 
- 


~ 


V02 
-/- 


I 


~Ol 
- 
~ 
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= 
== 
-- 
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100 
1 k 


f - Frequency 
- Hz 


Figure 1 


100 
1 k 


f - Frequency 
- Hz 


Figure 2 
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TPA302, TPA302Y 
300-mW STEREO AUDIO POWER AMPLIFIER 


TOTAL HARMONIC DISTORTION PLUS NOISE 
vs 
FREQUENCY 
~ 
-=~ I 


~VCC=5V 
.= 
Po=250mW 
- I- 


RL=8Q 
- ~ 
G=-10 
- I-- 


- 
V01 
- 
"u,.. 
V 
~ 
- 
V02 ~ 


'# 
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20 


f - Frequency - Hz 


Figure 3 


TOTAL HARMONIC DISTORTION PLUS NOISE 
vs 
OUTPUT POWER 


~t= VCC=5V 
~f-1 
kHz 
~ RL=8Q 
~ G=-1 


1== 
V01 
I--- 


- 
V02 


~ 
10 
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•• 
III 
"0z 
III" 
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~ 
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selection 
of components 


Figure 42 is a schematic diagram of a typical application circuit. 
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gain setting 
resistors, 
RF and RI 


The gain for the TPA302 
is set by resistors 
RF and Rl according 
to equation 
1. 


Gain = - (~~) 


Given 
that the TPA302 
is a MOS 
amplifier, 
the input 
impedance 
is very 
high, 
consequently 
input 
leakage 
currents 
are not generally 
a concern 
although 
noise in the circuit 
increases 
as the value 
of RF increases. 
In 
addition, 
a certain 
range of RF values 
are required 
for proper startup 
operation 
of the amplifier. 
Taken together 
it is recommended 
that the effective 
impedance 
seen by the inverting 
node of the amplifier 
be set between 
5 
kQ and 20 kQ. The effective 
impedance 
is calculated 
in equation 
2. 


Effective 
RFR1 
Impedance 
= R+R 
F 
I 


As an example, 
consider 
an input resistance 
of 10 kQ and a feedback 
resistor of 50 kQ. The gain of the amplifier 
would 
be -5 
and 
the 
effective 
impedance 
at the 
inverting 
terminal 
would 
be 8.3 
kQ, which 
is within 
the 
recommended 
range. 


For high performance 
applications 
metal film resistors 
are recommended 
because 
they tend to have lower noise 
levels than carbon 
resistors. 
For values of RF above 50 kQ the amplifier 
tends to become 
unstable 
due to a pole 
formed 
from 
RF and 
the 
inherent 
input 
capacitance 
of the 
MOS 
input 
structure. 
For this 
reason, 
a small 
compensation 
capacitor 
of approximately 
5 pF should 
be placed 
in parallel 
with RF. This, 
in effect, 
creates 
a 
low-pass 
filter network 
with the cutoff frequency 
defined 
in equation 
3. 


_ 
1 
fcO(lowpass) 
- 
2Jt RFCF 


For example 
if RF is 100 kQ and CF is 5 pF then fco(lowpass) is 318 kHz, which is well outside 
of the audio range. 


input capacitor, 
CI 


In the typical 
application 
an input capacitor, 
C" is required 
to allow the amplifier 
to bias the input signal to the 
proper 
dc level for optimum 
operation. 
In this case, CI and Rl form a high-pass 
filter with the corner 
frequency 
determined 
in equation 
4. 


1 
fCO(highpaSS) 
= 2Jt R 
1 
C1 


The value of Cl is important 
to consider 
as it directly 
affects the bass (low frequency) 
performance 
of the circuit. 


Consider 
the example 
where 
RI is 10 kQ and the specification 
calls for a flat bass response 
down to 40 Hz. 
Equation 
4 is reconfigured 
as equation 
5. 


1 
C1 
=------ 
2JtRI fCO(highpaSS) 


In this example, 
Cl is 0.40 fiF so one would 
likely choose 
a value 
in the range 
of 0.47 fiF to 1 fiF. A further 
consideration 
for this capacitor 
is the leakage 
path from the input source through 
the input network 
(Rio Cl) and 
the feedback 
resistor 
(RF) to the load. This leakage current creates a dc offset voltage at the input to the amplifier 
that 
reduces 
useful 
headroom, 
especially 
in high-gain 
applications 
(> 10). For this 
reason 
a low-leakage 
tantalum 
or ceramic 
capacitor 
is the best choice. 
When 
polarized 
capacitors 
are used, the positive 
side of the 
capacitor 
should face the amplifier 
input in most applications 
as the dc level there is held at V DD/2, which is likely 
higher that the source dc level. Please note that it is important 
to confirm 
the capacitor 
polarity 
in the application. 
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power 
supply 
decoupling, 
Cs 


The TPA302 
is a high-performance 
CMOS 
audio amplifier 
that requires 
adequate 
power supply 
decoupling 
to 
ensure 
that the output 
total harmonic 
distortion 
(THO) 
is as low as possible. 
Power 
supply 
decoupling 
also 
prevents 
oscillations 
for long lead lengths 
between 
the amplifier 
and the speaker. 
The optimum 
decoupling 
is 
achieved 
by using two capacitors 
of different 
types that target different 
types of noise on the power supply 
leads. 
For higher 
frequency 
transients, 
spikes, 
or digital 
hash on the line, a good 
low equivalent-series-resistance 


(ESR) ceramic 
capacitor, 
typically 
0.1 IlF, placed as close as possible 
to the device VDD lead, works 
best. For 
filtering 
lower-frequency 
noise signals, 
a larger aluminum 
electrolytic 
capacitor 
of 10 IlF or greater 
placed 
near 
the power 
amplifier 
is recommended. 


mid rail bypass 
capacitor, 
CB 


The midrail bypass capacitor, 
Cs, serves several 
important 
functions. 
During startup or recovery 
from shutdown 
mode, 
Cs determines 
the rate at which 
the amplifier 
starts 
up. This helps to push the start-up 
pop noise into 
the subaudible 
range 
(so slow it can not be heard). 
The second 
function 
is to reduce 
noise produced 
by the 
power 
supply 
caused 
by coupling 
into the output 
drive signal. 
This noise is from the midrail 
generation 
circuit 
internal 
to the amplifier. 
The capacitor 
is fed from a 25-kQ source 
inside the amplifier. 
To keep the start-up 
pop 
as low as possible, 
the relationship 
shown 
in equation 
6 should 
be maintained. 


As an example, 
consider 
a circuit where 
Cs is 0.1 IlF, CI is 0.22 IlF and RI is 10 kQ. Inserting 
these values 
into 
the equation 
9 results 
in: 
~ 


400 ,,; 454 


which satisfies 
the rule. Bypass capacitor, 
Cs, values of 0.1 IlF to 1 IlF ceramic 
or tantalum 
low-ESR 
capacitors 
are recommended 
for the best THO and noise performance. 


output coupling 
capacitor, 
Cc 


In the typical 
single-supply 
single-ended 
(SE) configuration, 
an output 
coupling 
capacitor 
(Cc) 
is required 
to 
block the dc bias at the output of the amplifier 
thus preventing 
dc currents 
in the load. As with the input coupling 
capacitor, 
the output coupling 
capacitor 
and impedance 
of the load form a high-pass 
filter governed 
by equation 
7. 


1 
f(out high) 
= 2nRL 
Cc 


The main disadvantage, 
from a performance 
standpoint, 
is that the load impedances 
are typically 
small, which 
drive the low-frequency 
corner 
higher. 
Large values 
of Cc are required 
to pass low frequencies 
into the load. 
Consider 
the example 
where 
a Cc 
of 68 IlF is chosen 
and loads vary from 
8 Q, 32 Q, and 47 kQ. Table 1 
summarizes 
the frequency 
response 
characteristics 
of each configuration. 
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RL 
Cc 
Lowest 
Frequency 


8Q 
68~F 
293 Hz 


32Q 
68 ~F 
73 Hz 


47,OOOQ 
68~F 
0.05 Hz 


As Table 1 indicates, most of the bass response is attenuated into 8-Q loads while headphone response is 
adequate and drive into line level inputs (a home stereo for example) is very good. 


The output coupling capacitor required in single-supply SE mode also places additional constraints on the 
selection of other components in the amplifier circuit. The rules described earlier still hold with the addition of 
the following relationship: 


The TPA302 employs a shutdown mode of operation designed to reduce quiescent supply current, IOO(q), to 
the absolute minimum level during periods of nonuse for battery-power conservation. For example, during 
device sleep modes or when other audio-drive currents are used (Le., headphone mode), the speaker drive is 
not required. The SHUTDOWN input terminal should be held low during normal operation when the amplifier 
is in use. Pulling SHUTDOWN high causes the outputs to mute and the amplifier to enter a low-current state, 
IOO(q) < 1 ).IA. SHUTDOWN should never be left unconnected because amplifier operation would be 
unpredictable. 


using low-ESR 
capacitors 


Low-ESR capacitors are recommended throughout this applications section. A real capacitor can be modeled 
simply as a resistor in series with an ideal capacitor. The voltage drop across this resistor minimizes the 
beneficial effects of the capacitor in the circuit. The lower the equivalent value of this resistance the more the 
real capacitor behaves like an ideal capacitor. 
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A prime consideration 
when designing 
an audio amplifier 
circuit is internal 
power dissipation 
in the device. 
The 
curve 
in Figure 43 provides 
an easy way to determine 
what output 
power can be expected 
out of the TPA302 
for a given system 
ambient 
temperature 
in designs 
using 5-V supplies. 
This curve assumes 
no forced 
airflow 
or additional 
heat sinking. 


160 
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0 
0 


I 
120 
~"E8- 
100 
E~~ 
80 
« 
~ 
It. 
60 
I 
~ 
40 


VOO=5 
V 
Two Channels 
Active 


t," 


RL = 16 n 


\ - 
\ 


-\. 
RL=8Q 
V 
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5-V versus 3.3-V operation 


The TPA302 
was designed 
for operation 
over a supply 
range 
of 2.7 V to 5.5 V. This data sheet 
provides 
full 
specifications 
for 5-V and 3.3-V operation 
since are considered 
to be the two most common 
standard 
voltages. 


There are no special considerations 
for 3.3-V versus 
5-V operation 
as far as supply 
bypassing, 
gain setting, 
or 
stability. 
Supply 
current 
is slightly 
reduced 
from 
3.5 mA (typical) 
to 2.5 mA (typical). 
The 
most 
important 
consideration 
is that of output 
power. 
Each amplifier 
in the TPA302 
can produce 
a maximum 
voltage 
swing of 
VDD - 1 V. This means, 
for 3.3-V operation, 
clipping 
starts to occur when VO(PP) = 2.3 V as opposed 
when 
VO(PP) = 4 V while operating 
at 5 V. The reduced 
voltage 
swing subsequently 
reduces 
maximum 
output power 
into the load before distortion 
begins to become 
significant. 
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• 
TDA1517P Compatible 
• 
Surface Mount Availability 


• 
6-W Stereo Output (10% THD+N) 


• 
Fixed Gain (20 dB) 


• 
Mute and Standby Operation 


• 
Thermal Protection 


• 
Wide Supply Range (9.5 V - 18 V) 
• 
High Power Supply Rejection (65-dB PSRR) 


description 


The TPA1517 is a stereo audio power amplifier that contains two identical amplifiers capable of delivering 6-W 
per channel of continuous average power into a 4-0 load at 10% THD+N or 5-W per channel at 1% THD+N. 
The gain of each channel is fixed at 20-dB. The amplifier features a mute/standby function for power sensitive 
applications. The amplifier is available in a special 20-pin surface-mount thermally-enhanced package (DWP) 
that reduces board space and facilitates automated assembly while maintaining exceptional thermal 
characteristics. 


NEPACKAGE 
DWPPACKAGE 


(TOP VIEW) 
(TOP VIEW) 


-IN1 
1 V 20 
GND/HS 
GND/HS 
10 
20 
GND/HS 


SGND 
GND/HS 
+IN1 
2 
19 
+IN2 
Z 
2 
19 
NC 
3 
18 
NC 
0 
SVRR 
3 
18 
GND/HS 
SGND 
4 
17 
MISS 
- 
OUT1 
4 
17 
GND/HS 
SVRR 
5 
16 
VCC 
!C( 
PGND 
5 
16 
GND/HS 
NC 
6 
15 
NC 
OUT2 
6 
15 
GND/HS 
OUT1 
7 
14 
OUT2 
:E 
VCC 
7 
14 
GND/HS 
OUT1 
8 
13 
OUT2 
a: 
MISS 
8 
13 
GND/HS 
PGND 
9 
12 
PGND 
0 
-IN2 
9 
12 
GND/HS 
GND/HS 
10 
11 
GND/HS 
LL 
GND/HS 
10 
11 
GND/HS 
Z 
Jf 
rt 
- 
w0 
Z 
Cross Section View Showing Heat Sink 
~ 
NC - No internal connection 
C 


AVAILABLE 
OPTIONS 
<C 


PACKAGED 
DEVICES 


TA 
THERMALLY 
THERMALLY 
CHIP FORM 
ENHANCED 
ENHANCED 
PLASTIC 
DIP 
SURFACE 
MOUNT 
(Y) 


O°C to 70°C 
TPA1517NE 
TPA1517DWP 
TPA1517Y 


:Z~:~~t:~~~~~~TI~N 
:~f:~~:wc~~~~~~1s:~ 
t~:~a:tcr~h:~ 
specifications 
are sub}ect 
10 change 
without 
notice. 
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TPA1517V 
chip information 


This chip, when properly assembled, displays characteristics similar to the TPA1517C. Thermal compression 
or ultrasonic bonding may be used on the doped-aluminum bonding pads. Chips may be mounted with 
conductive epoxy or a gold-silicon preform. 


VCC+ 
(5) 
(1) 
LATCH ENABLE 


IN+ 
(8) 
_t 
QOUT 


IN- 
(7) 
QOUT 


(6) 


CHIP THICKNESS: 
15 MILS TYPICAL 


BONDING 
PADS: 4 x 4 MILS MINI- 
MUM 


TJ max = 150°C 


TOLERANCES 
ARE ±10%. 
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absolute 
maximum 
ratings over operating 
free-air 
temperature 
range (unless otherwise 
noted)t 


Supply 
voltage, 
Vcc 
22 V 
Continuous 
total power dissipation 
Internally 
limited 
(See Dissipation 
Rating 
Table) 
Operating 
free-air 
temperature 
range, TA 
O°C to lO°C 
Storage 
temperature 
range, Tstg 
-65°C 
to 150°C 


t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions 
beyond those indicated under "recommended 
operating conditions" 
is not 
implied. Exposure to absolute-maxi mum-rated conditions for extended periods may affect device reliability. 


DISSIPATION RATING TABLE 


PACKAGE 
TA';; 25°C 
DERATING FACTOR 
TA = 70°C 


DWP 
1930 mW 
15.5 mW/oC 
1233 mW 


:j: With recommended 
copper heat sink pattern on PCB 


TA = 85°C 


1000 mW 


MIN 
NOM 
MAX 
UNIT 


Supply voltage, VCC 
6 
18 
V 


Operating free-air temperature, 
TA 
0 
70 
°c 
zo 


electrical 
characteristics 
at specified 
free-air temperature, 
Vcc 
= 12 V (unless 
otherwise 
noted) 
~ 


PARAMETER 
TEST CONDITIONS 
MIN 
TYP 
MAX 
~ 


ICC 
Quiescent current 
40 
[J: 


NOTE 1: 
At 6 V < VCC < 18 V the DC output voltage is approximately 
VCC/2. 
0 
U. 
Z- 
Wo 
Z 


~c« 


~TEXAS 
INSTRUMENTS 


TPA1517,TPA1517Y 
6 WATT/CHANNEL STEREO AUDIO POWER AMPLIFIER 


PARAMETER 
TEST CONDITIONS 
MIN 
TYP 
MAX 
UNIT 


THO = 0.2% 
2.5 
3 
3.5 
W 
Po 
Output power, see Note 2 
THO < 10% 
3.75 
4 
4.25 
W 


IO(SM) 
Non-repetitive 
peak output current 
4 
A 


IOIRM\ 
Repetitive peak output current 
2.5 
A 


Low-frequency 
roll-off 
-3 dB 
45 
Hz 


High-frequency 
roll-off 
-1 dB 
20 
kHz 


Supply voltage rejection 
M/SB=On 
48 
dB 


zl 
Input impedance 
60 
kn 


Rs=O, 
MlSB=On 
50 
IlV(rms) 


Vn 
Noise output voltage, see Note 3 
Rs= 
10 
M/SB=On 
70 
100 
IlV(rms) 
kQ, 


M/SB= 
Mute 
50 
IlV(rms) 


Channel separation 
Rs = 10 kQ 
40 
60 
dB 


Channel balance 
0.1 
1 
dB 


NOTES: 
2. 
Output power is measured at the output pins of the IC. 
3. 
Noise voltage is measured in a bandwidth of 20 Hz to 20 kHz. 


PARAMETER 
TEST CONDITIONS 
MIN 
TYP 
MAX 
UNIT 


THO =0.2% 
4 
4.5 
5 
W 
Po 
Output power, see Note 2 


THO < 10% 
5.5 
6 
6.5 
W 


IOCSM\ 
Non-repetitive 
peak output current 
4 
A 


IOCRMl 
Repetitive peak output current 
2.5 
A 


Low-frequency 
roll-off 
-3 dB 
45 
Hz 


High-frequency 
roll-off 
-1 dB 
20 
kHz 


Supply voltage rejection 
M/SB=On 
48 
dB 


zl 
Input impedance 
60 
kQ 


Rs=O, 
M/SB=On 
50 
IlV(rms) 


Vn 
Noise output voltage, see Note 3 
Rs= 10 
M/SB=On 
70 
100 
IlV(rms) 
kQ, 


MlSB= 
Mute 
50 
IlV(rms) 


Channel separation 
Rs= 10 kQ 
40 
60 
dB 


Channel balance 
0.1 
1 
dB 


NOTES: 
3. 
Output power is measured at the output pins of the IC. 
4. 
Noise voltage is mesured in a bandwidth of 20 Hz to 20 kHz. 
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FIGURE 


ICC 
Supply current 
vs Supply voltage 
1 


PSSR 
Power supply rejection ratio 
vs Frequency 
2,3 


VCC=12V 
vs Frequency 
4,5,6 
vs Power output 
10,11 
THD+ 
N 
Total harmonic distortion plus noise 


VCC= 
14.5 V 
vs Frequency 
7,8,9 
vs Power output 
12,13 


Crosstalk 
vs Frequency 
14,15 


Gain margin 
vs Frequency 
16 


Phase shift 
vs Frequency 
16 


VN 
Noise voltage 
vs Frequency 
17,18 


Po 
Output power 
vs Supply voltage 
19 
vs Load resistance 
20 


PD 
Power dissipation 
vs Output power 
21,22 
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SUPPLY CURRENT 
vs 
SUPPLY VOLTAGE 
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TOTAL HARMONIC DISTORTION PLUS NOISE 
vs 
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GAIN AND PHASE SHIFT 
vs 
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• 
1-W BTL Output (5 V, 0.2 % THD+N) 


• 
3.3-V and 5-V Operation 
• 
No Output Coupling 
Capacitors 
Required 


• 
Shutdown 
Control 
(100 = 0.6 flA) 
• 
Headphone Interface Logic 


• 
Uncompensated 
Gains of 2 to 20 (BTL 
Mode) 


• 
Surface Mount Packaging 


• 
Thermal and Short-Circuit 
Protection 


• 
High Power Supply Rejection 
(56-dB at 1 kHz) 


• 
LM4860 Drop-In Compatible 


DPACKAGE 
(TOP VIEW) 
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description 


The TPA4860 
is a bridge-tied 
load (BTL) audio power amplifier 
capable 
of delivering 
1 W of continuous 
average 
power 
into an 8-n 
load at 0.4 % THD+N 
from a 5-V power supply 
in voiceband 
frequencies 
(f < 5 kHz). A BTL 
configuration 
eliminates 
the need for external 
coupling 
capacitors 
on the output 
in most applications. 
Gain is 
ex1ernally 
configured 
by means 
of two resistors 
and does 
not require 
compensation 
for settings 
of 2 to 20. 


Features 
of this amplifier 
are a shutdown 
function 
for power-sensitive 
applications 
as well as headphone 
interface 
logic that mutes the output when the speaker 
drive is not required. 
Internal 
thermal 
and short-circuit 
protection 
increases 
device reliability. 
It also includes 
headphone 
interface 
logic circuitry 
to facilitate 
headphone 
applications. 
The amplifier 
is available 
in a 16-pin sOle 
surface-mount 
package 
that reduces 
board space and 
facilitates 
automated 
assembly. 
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standard 
warranty. Production proc:elling 
does not necessarily Include 


testing 
of all parameters. 
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PACKAGED 
DEVICE 


TA 
SMALL 
OUTLINE 
CHIP FORM 


(D) 


-20°C 
to 85°C 
TPA4860D 
TPA4860Y 


TPA4860Y chip information 


This chip, when properly assembled, displays characteristics similar to the TPA4860C. Thermal compression 
or ultrasonic bonding may be used on the doped-aluminum bonding pads. This chip may be mounted with 
conductive epoxy or a gold-silicon preform. 


CHIP THICKNESS: 
15 MILS TYPICAL 


BONDING 
PADS: 4 x 4 MILS MINIMUM 


TJmax = 150°C 


TOLERANCES 
ARE ±10%. 


ALL DIMENSIONS 
ARE IN MILS. 


TERMINAL 
(4) IS INTERNALLY 
CONNECTED 
TO BACKSIDE 
OF CHIP. 
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absolute 
maximum 
ratings over operating 
free-air 
temperature 
range (unless 
otherwise 
noted)t 


Supply 
voltage, 
Voo 
6 V 
Input voltage, 
VI 
-0.3 
V to Voo 
+0.3 V 
Continuous 
total power 
dissipation 
internally 
limited 
(See Dissipation 
Rating 
Table) 
Operating 
free-air 
temperature 
range, TA 
-20°C 
to 85°C 
Storage 
temperature 
range, Tstg 
-65°C 
to 150°C 
Lead temperature 
1,6 mm (1/16 inch) from case for 10 seconds 
260°C 
t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional 
operation of the device at these or any other conditions 
beyond those indicated under "recommended 
operating conditions" 
is not 
implied. Exposure to absolute-maximum-rated 
conditions for extended periods may affect device reliability. 


PACKAGE 


D 


DISSIPATION 
RATING TABLE 


DERATING FACTOR 
TA = 70°C 


10 mW/oC 
800 mW 


TA=85°C 


650mW 


MIN 
MAX 
UNIT 


Supply voltage, VDD 
2.7 
5.5 
V 
IVDD=3.3 
V 
1.25 
2.7 
V 
Common-mode 
input voltage, VIC I 
VDD = 5 V 
1.25 
4.5 
V 


Operating free-air temperature, 
TA 
-20 
85 
°c 
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electrical 
characteristics 
at specified 
free-air 
temperature 
range, Voo = 3.3 V (unless 
otherwise 
noted) 


TPA4860 
PARAMETER 
TEST CONDITIONS 
UNIT 
MIN 
TYP 
MAX 


VOO 
Output offset voltage 
See Note 1 
5 
20 
mV 


kSVR 
Supply voltage rejection ratio (AVDD' AVOO) 
VDD = 3.2 V to 3.4 V 
75 
dB 


IDD(q) 
Quiescent current 
2.5 
mA 


IDD(m) 
Quiescent current, mute mode 
750 
IlA 


'DD(sdl 
Quiescent current, shutdown mode 
0.6 
IlA 


VIH 
High-level input voltage (HP-IN) 
1.7 
V 


VIL 
Low-level input voltage (HP-IN) 
1.7 
V 


VOH 
High-level output voltage (HP-SENSE) 
10 = 100~A 
2.5 
2.8 
V 


VOL 
Low-level output voltage (HP-SENSE) 
10 = -100 IlA 
0.2 
0.8 
V 


TPA4860 
PARAMETER 
TEST CONDITIONS 
UNIT 
MIN 
TYP 
MAX 


THD = 0.2%, 
1= 1 kHz, 
350 
mW 


Po 
Output power, see Note 2 
AV=2 


THD = 2%, 
1= 1 kHz, 


AV=2 
500 
mW 


BOM 
Maximum output power bandwidth 
Gain = 10, 
THD=2% 
20 
kHz 


B1 
Unity-gain bandwidth 
Open Loop 
1.5 
MHz 
I BTL 
1= 1 kHz 
56 
dB 
Supply ripple rejection 
I SE 
1= 1 kHz 
dB 
30 


Vn 
Noise output voltage, see Note 3 
Gain = 2 
20 
~V 


NOTES: 
2. 
Output power is measured at the output terminals 01the device. 


3. 
Noise voltage is measured in a bandwidth 0120 Hz to 20 kHz. 
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electrical 
characteristics 
at specified 
free-air 
temperature 
range, 
Voo 
= 5 V (unless 
otherwise 
noted) 


TPA4860 
PARAMETER 
TEST CONDITIONS 
UNIT 
MIN 
TYP 
MAX 


VOO 
Output offset voltage 
See Note 1 
5 
20 
mV 


kSVR 
Supply voltage rejection ratio (,WOO!I1VOO) 
VOO = 4.9 V to 5.1 V 
70 
dB 


IOO(q) 
Quiescent current 
3.5 
mA 


IOOlm\ 
Quiescent current, mute mode 
750 
lJ.A 


IOO(sdl 
Quiescent current, shutdown mode 
0.6 
IlA 


VIH 
High-level input voltage (HP-IN) 
2.5 
V 


VIL 
Low-level input voltage (HP-IN) 
2.5 
V 


VOH 
High-level output voltage (HP-SENSE) 
10 = 500 IlA 
2.5 
2.8 
V 


VOL 
Low-level output voltage (HP-SENSE) 
10 = -500 
lJ.A 
0.2 
0.8 
V 


TPA4860 
PARAMETER 
TEST CONDITIONS 
UNIT 
MIN 
TYP 
MAX 


THO= 
0.2%, 
1= 1 kHz, 
1000 
mW 


Po 
Output power, see Note 2 
AV=2 


THO=2%, 
1 = 1 kHz, 


AV=2 
1100 
mW 


BOM 
Maximum output power bandwidth 
Gain = 10, 
THO=2% 
20 
kHz 


Bl 
Unity-gain bandwidth 
Open Loop 
1.5 
MHz 
I BTL 
1 = 1 kHz 
56 
dB 
Supply ripple rejection 
rSE 
1 = 1 kHz 
30 
dB 


Vn 
Noise output voltage, see Note 3 
Gain = 2 
20 
IlV 


NOTES: 
2. 
Output power is measured at the output terminals 01 the device. 
3. 
Noise voltage is measured in a bandwidth 01 20 Hz to 20 kHz. 
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electrical characteristics at specified free-air temperature range, Voo = 5 V (unless otherwise 
noted) 


TPA4860Y 
PARAMETER 
TEST CONDITIONS 
UNIT 
MIN 
TYP 
MAX 


VOO 
Output offset voltage 
See Note 1 
5 
mV 


kSVR 
Supply voltage rejection ratio (dVDDI dVOO) 
VDD=4.9Vt05.1 
V 
70 
dB 


IDD(q) 
Quiescent current 
3.5 
mA 


IDDlm) 
Quiescent current, mute mode 
750 
i1A 


IDDlsdl 
Quiescent current, shutdown mode 
0.6 
i1A 


VIH 
High-level input voltage (HP-IN) 
2.5 
V 


VIL 
Low-level input voltage (HP-IN) 
2.5 
V 


VOH 
High-level output voltage (HP-SENSE) 
10 = 500 i1A 
2.8 
V 


VOL 
Low-level output voltage (HP-SENSE) 
10 = -500 
i1A 
0.2 
V 


TPA4860Y 
PARAMETER 
TEST CONDITIONS 
UNIT 
MIN 
TYP 
MAX 


THD = 0.2%, 
1= 1 kHz, 
1000 
mW 


Po 
Output power, see Note 2 
AV=2 


THD=2%, 
1= 1 kHz, 


AV=2 
1100 
mW 


BOM 
Maximum output power bandwidth 
Gain = 10, 
THD=2% 
20 
kHz 


B1 
Unity-gain bandwidth 
Open Loop 
1.5 
MHz 
I BTL 
1= 1 kHz 
56 
dB 
Supply ripple rejection 
I SE 
1= 1 kHz 
30 
dB 


Vn 
Noise output voltage, see Note 4 
Gain = 2 
20 
lJV 


NOTES: 
2. 
Output power is measured at the output terminals 01the device. 
3. 
Noise voltage is measured in a bandwidth 0120 Hz to 20 kHz. 
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FIGURE 


VOO 
Output offset voltage 
Distribution 
1,2 


IDD 
Supply current distribution 
vs Free-air temperature 
3,4 


5,6,7,8,9, 


vs Frequency 
10,11,15, 


THD+N 
Total harmonic distortion plus noise 
16,17,18 


vs Output power 
12,13,14, 
19,20,21 


IDD 
Supply current 
'0 
vs Supply voltage 
22 


Vn 
Output noise voltage 
vs Frequency 
23,24 


Maximum package power dissipation 
vs Free-air temperature 
25 


Power dissipation 
vs Output power 
26,27 


Maximum output power 
vs Free-air temperature 
28 


vs Load Resistance 
29 
Output power 
vs Supply Voltage 
30 


Open loop frequency 
response 
vs Frequency 
31 


PSRR 
Power supply rejection ratio 
vs Frequency 
32,33 
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bridged-tied 
load versus single-ended 
mode 


Figure 34 shows a linear audio power amplifier (APA) in a bridge tied load (BTL) configuration. A BTL amplifier 
actually consists of two linear amplifiers driving both ends of the load. There are several potential benefits to 
this differential drive configuration but initially let us consider power to the load. The differential drive to the 
speaker means that as one side is slewing up the other side is slewing down and vice versa. This in effect 
doubles the voltage swing on the load as compared to a ground referenced load. Plugging twice the voltage 
into the power equation, where voltage is squared, yields 4 times the output power from the same supply rail 
and load impedance (see equation 1). 


VO(PP) 


V (rms) 
= 
212 


2 
V(rms) 
~ 


RL ~! 
2x VO(PP) 


In a typical computer sound channel operating at 5 V, bridging raises the power into a 8-Q speaker from a 
singled-ended (SE) limit of 250 mW to 1 W. In sound power that is a 6-dB improvement - 
which is loudness 
that can be heard. In addition to increased power there are frequency response concerns, consider the 
single-supply SE configuration shown in Figure 35. A coupling capacitor is required to block the dc offset voltage 
from reaching the load. These capacitors can be quite large (approximately 40 /iF to 1000 /iF) so they tend to 
be expensive, occupy valuable PCB area, and have the additional drawback of limiting low-frequency 
performance of the system. This frequency limiting effect is due to the high pass filter network created with the 
speaker impedance and the coupling capacitance and is calculated with equation 2. 
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1 
!(corner) 
= 
23tRL Cc 


For example, 
a 68-IlF 
capacitor 
with an 8-Q speaker 
would attenuate 
low frequencies 
below 293 Hz. The BTL 
configuration 
cancels 
the dc offsets, 
which 
eliminates 
the need for the blocking 
capacitors. 
Low-frequency 
performance 
is then limited 
only by the input network 
and speaker 
response. 
Cost and PCB space 
are also 
minimized 
by eliminating 
the bulky coupling 
capacitor. 


voo 


Increasing 
power 
to the load does 
carry 
a penalty 
of increased 
internal 
power 
dissipation. 
The 
increased 
dissipation 
is understandable 
considering 
that the BTL configuration 
produces 
4 times the output 
power of the 
SE configuration. 
Internal 
dissipation 
versus 
output 
power 
is discussed 
further 
in the thermal considerations 
section. 


BTL amplifier efficiency 


Linear amplifiers 
are notoriously 
inefficient. 
The primary cause of these inefficiencies 
is voltage 
drop across the 
output 
stage transistors. 
There 
are two components 
of the internal 
voltage 
drop. One is the headroom 
or dc 
voltage 
drop that varies inversely 
to output power. The second 
component 
is due to the sinewave 
nature of the 
output. 
The total voltage 
drop can be calculated 
by subtracting 
the RMS value of the output voltage 
from Voo. 


The internal 
voltage 
drop multiplied 
by the RMS value of the supply 
current, 
loorms, 
determines 
the internal 
power dissipation 
of the amplifier. 


An easy to use equation 
to calculate 
efficiency 
starts out as being equal to the ratio of power from the power 
supply 
to the power delivered 
to the load. To accurately 
calculate 
the RMS values 
of power 
in the load and in 
the amplifier, 
the current 
and voltage 
waveform 
shapes 
must first be understood 
(see Figure 
36). 
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Figure 36. Voltage and Current Waveforms for BTL Amplifiers 


Although 
the voltages 
and currents 
for SE and BTL are sinusoidal 
in the load, currents 
from the supply are very 
different 
between 
SE and BTL configurations. 
In an SE application 
the current waveform 
is a half-wave 
rectified 
shape 
whereas 
in BTL it is a full-wave 
rectified 
waveform. 
This means 
RMS conversion 
factors 
are different. 


Keep in mind that for most of the waveform 
both the push and pull transistor 
are not on at the same time, which 
supports 
the fact that each amplifier 
in the BTL device only draws current from the supply for half the waveform. 


The following 
equations 
are the basis for calculating 
amplifier 
efficiency. 
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Efficiency 
PL 
= Psup 


where: 


VLrms 
Vp 
!2 


VLrms2 
V 2 


PL 
P 
=~ 
2RL 


Psup 
Voo 
loorms 
Voo 
2Vp 


J't RL 


loorms 
2Vp 


J't RL 


1/2 


Effiency of a 
J't Vp 


J't (\RL) 


BTL Configuration 
2Voo 
2Voo 


Table 1 employs 
equation 
4 to calculate 
efficiencies 
for four different 
output power levels. Note that the efficiency 
of the amplifier 
is quite low for lower power levels and rises sharply 
as power to the load is increased 
resulting 


in a nearly flat internal 
power dissipation 
over the normal 
operating 
range. Note that the internal 
dissipation 
at 
full output power 
is less than in the half power 
range. Calculating 
the efficiency 
for a specific 
system 
is the key 


to proper 
power supply design. 
For a stereo 
1-W audio system 
with 8-Q loads and a 5-V supply, the maximum 
draw on the power 
supply 
is almost 
3.25 W. 


Output 
Power 
Efficiency 
Peak-ta-Peak 
Internal 
Voltage 
Dissipation 
(w) 
(%) 
(V) 
(w) 


0.25 
31.4 
2.00 
0.55 


0.50 
44.4 
2.83 
0.62 


1.00 
62.8 
4.00 
0.59 


1.25 
70.2 
4.47t 
0.53 
t High peak voltages cause the THD to increase. 


A final point to remember 
about linear amplifiers 
whether 
they are SE or BTL configured 
is how to manipulate 
the terms 
in the efficiency 
equation 
to utmost 
advantage 
when possible. 
Note that in equation 
4, VDD is in the 
denominator. 
This indicates 
that as VDD goes down, efficiency 
goes up. 


For example, 
if the 5-V supply 
is replaced 
with a 10-V supply 
(TPA4860 
has a maximum 
recommended 
VDD 
of 5.5 V) in the calculations 
of Table 1 then efficiency 
at 1 W would fall to 31 % and internal 
power 
dissipation 
would 
rise to 2.18 W from 0.59 W at 5 V. Then for a stereo 
1-W system 
from a 10- V supply, the maximum 
draw 
would 
be almost 
6.5 W. Choose 
the correct 
supply 
voltage 
and speaker 
impedance 
for the application. 
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selection of components 


Figure 
37 is a schematic 
diagram 
of a typical 
notebook 
computer 
application 
circuit. 
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gain setting resistors, RFand RI 


The gain for the TPA4860 
is set by resistors 
RF and RI according 
to equation 
5. 


Gain = - 2(~~) 


BTL mode operation 
brings about the factor of 2 in the gain equation 
due to the inverting 
amplifier 
mirroring 
the 
voltage 
swing 
across 
the load. Given that the TPA4860 
is a MOS amplifier, 
the input impedance 
is very high, 
consequently 
input leakage 
currents 
are not generally 
a concern 
although 
noise in the circuit increases 
as the 
value of RF increases. 
In addition, 
a certain 
range of RF values 
are required 
for proper startup 
operation 
of the 
amplifier. 
Taken together 
it is recommended 
that the effective 
impedance 
seen by the inverting 
node of the 
amplifier 
be set between 
5 kQ and 20 kQ. The effective 
impedance 
is calculated 
in equation 
6. 


Effective 
RFR, 
Impedance 
= R+R 
(6) 
F 
, 


As an example 
consider 
an input resistance 
of 10 kQ and a feedback 
resistor of 50 kQ. The gain of the amplifier 
would 
be -10 
and the effective 
impedance 
at the inverting 
terminal 
would 
be 8.3 kQ, which 
is well within 
the 
recommended 
range. 
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For high performance 
applications 
metal film resistors 
are recommended 
because 
they tend to have lower noise 
levels than carbon 
resistors. 
For values of RF above 50 kO the amplifier 
tends to become 
unstable 
due to a pole 
formed 
from 
RF and the 
inherent 
input 
capacitance 
of the 
MOS 
input 
structure. 
For this 
reason, 
a small 
compensation 
capacitor 
of approximately 
5 pF should be placed in parallel with RF This, in effect, creates 
a low 
pass filter network 
with the cutoff frequency 
defined 
in equation 
7. 


1 
fcO(lowpaSS) 
= 2l'tRFCF 


For example, 
if RF is 100 kO and Cf is 5 pF then feo is 318 kHz, which 
is well outside 
of the audio 
range. 


input capacitor, CI 


In the typical 
application 
an input capacitor, 
Clo is required 
to allow the amplifier 
to bias the input signal to the 
proper 
dc level for optimum 
operation. 
In this case, CI and RI form a high-pass 
filter with the corner 
frequency 
determined 
in equation 
8. 


_ 
1 
fCO(highpaSS) 
- 
2l'tR1C1 


The value of CI is important 
to consider 
as it directly 
affects the bass (low frequency) 
performance 
of the circuit. 


Consider 
the example 
where 
RI is 10 kO and the specification 
calls for a flat bass response 
down to 40 Hz. 
Equation 
8 is reconfigured 
as equation 
9. 


C = __ 1_ 


I 
2l'tR1fco 


In this example, 
CI is 0.40 IlF so one would 
likely choose 
a value 
in the range of 0.47 IlF to 1 1lF. A further 
consideration 
for this capacitor 
is the leakage 
path from the input source through 
the input network 
(Rio CI) and 
the feedback 
resistor (RF) to the load. This leakage current creates a dc offset voltage at the input to the amplifier 
that reduces 
useful headroom, 
especially 
in high gain applications. 
For this reason 
a low-leakage 
tantalum 
or 
ceramic 
capacitor 
is the best choice. 
When 
polarized 
capacitors 
are used, the positive 
side of the capacitor 
should face the amplifier 
input in most applications 
as the dc level there is held at Voo!2, 
which 
is likely higher 
that the source 
dc level. Please 
note that it is important 
to confirm 
the capacitor 
polarity 
in the application. 


power supply decoupling, Cs 


The TPA4860 
is a high-performance 
CMOS 
audio amplifier 
that requires 
adequate 
power 
supply 
decoupling 
to ensure 
the output 
total 
harmonic 
distortion 
(THD) 
is as low as possible. 
Power 
supply 
decoupling 
also 
prevents 
oscillations 
for long lead lengths 
between 
the amplifier 
and the speaker. 
The optimum 
decoupling 
is 
achieved 
by using two capacitors 
of different 
types that target different 
types of noise on the power supply leads. 


For higher 
frequency 
transients, 
spikes, 
or digital 
hash on the line, a good 
low equivalent-series-resistance 
(ESR) ceramic 
capacitor, 
typically 
0.1 IlF placed 
as close as possible 
to the device 
Voo 
lead works 
best. For 
filtering 
lower-frequency 
noise signals, 
a larger aluminum 
electrolytic 
capacitor 
of 10 IlF or greater 
placed near 
the power amplifier 
is recommended. 
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midrail bypass capacitor, CB 


The mid rail bypass capacitor, 
CB, serves several 
important 
functions. 
During startup or recovery 
from shutdown 
mode, CB determines 
the rate at which the amplifier 
starts 
up. This helps to push the start-up 
pop noise into 
the subaudible 
range 
(so slow it can not be heard). 
The second 
function 
is to reduce 
noise produced 
by the 
power 
supply 
caused 
by coupling 
into the output 
drive signal. 
This noise is from the midrail 
generation 
circuit 
internal 
to the amplifier. 
The capacitor 
is fed from a 25-kQ source 
inside the amplifier. 
To keep the start-up 
pop 
as low as possible, 
the relationship 
shown 
in equation 
10 should 
be maintained. 


1 
<_1_ 


(Cs x 25kn) 
(C1R1) 


As an example, 
consider 
a circuit where 
CB is 0.1 ~F, C, is 0.22 ~F and RI is 10 kQ. Inserting 
these v?lues 
into 
the equation 
9 we get: 


400,;; 454 


which satisfies 
the rule. Bypass capacitor, 
CB, values of 0.1~F 
to 1 ~F ceramic 
or tantalum 
low-ESR 
capacitors 
are recommended 
for the best THO and noise performance. 


single-ended operation 


Figure 38 is a schematic 
diagram 
of the recommended 
SE configuration. 
In SE mode configurations, 
the load 
should 
be driven from the primary 
amplifier 
output 
(OUT1 , terminal 
10). 
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Gain is set by the RF and RI resistors 
and is shown 
in equation 
11. Since the inverting 
amplifier 
is not used to 
mirror the voltage 
swing on the load, the factor of 2 is not included. 


The 
phase 
margin 
of the 
inverting 
amplifier 
into an open 
circuit 
is not adequate 
to ensure 
stability, 
so a 
termination 
load should 
be connected 
to Vo2. This consists 
of a 50-Q resistor 
in series with a 0.1-~F capacitor 
to ground. 
It is important 
to avoid oscillation 
of the inverting 
output 
to minimize 
noise and power 
dissipation. 


~TEXAS 
INSTRUMENTS 


TPA4860, TPA4860Y 
1·WATT AUDIO POWER AMPLIFIER 


The output 
coupling 
capacitor 
required 
in single-supply 
SE mode 
also places 
additional 
constraints 
on the 
selection 
of other components 
in the amplifier 
circuit. 
The rules described 
earlier 
still hold with the addition 
of 
the following 
relationship: 


output coupling 
capacitor, Cc 


In the typical 
single-supply 
SE configuration, 
an output coupling 
capacitor 
(Cc) is required 
to block the dc bias 
at the output 
of the amplifier 
thus preventing 
dc currents 
in the load. As with the input coupling 
capacitor, 
the 
output 
coupling 
capacitor 
and impedance 
of the load form a high-pass 
filter governed 
by equation 
13. 


1 
10l.hi9h 
= 2nR 
C 
L 
C 


The main disadvantage, 
from a performance 
standpoint, 
is that the load impedances 
are typically 
small, which 
drive the low-frequency 
corner 
higher. 
Large values 
of Cc are required 
to pass low frequencies 
into the load. 


Consider 
the example 
where 
a Cc 
of 68 ~F is chosen 
and loads vary from 
8 n, 32 n, and 47 kQ. Table 2 
summarizes 
the frequency 
response 
characteristics 
of each configuration. 


RL 
Cc 
Lowest Frequency 


s12 
6SIlF 
293 Hz 


3212 
6SIlF 
73 Hz 


47,00012 
6SIlF 
0.05 Hz 


As Table 2 indicates, 
most of the bass response 
is attenuated 
into 8-n 
loads while 
headphone 
response 
is 
adequate 
and drive into line level inputs 
(a home stereo 
for example) 
is very good. 


headphone 
sense circuitry, 
Rpu 


The TPA4860 
is commonly 
used in systems 
where 
there is an internal 
speaker 
and a jack for driving 
external 
loads (Le., headphones). 
In these applications, 
it is usually desirable 
to mute the internal 
speaker(s) 
when the 
external 
load is in use. The headphone 
inputs (HP-1, HP-2) and headphone 
output (HP-SENSE) 
ofthe TPA4860 
were 
specifically 
designed 
for this purpose. 
Many 
standard 
headphone 
jacks 
are available 
with an internal 
single-pole 
single-throw 
(SPST) 
switch 
that makes 
or breaks 
a circuit 
when the headphone 
plug is inserted. 
Asserting 
either or both HP-1 and/or HP-2 high mutes the output stage of the amplifier 
and causes 
HP-SENSE 
to go high. In battery-powered 
applications 
where power conservation 
is critical 
HP-SENSE 
can be connected 
to the shutdown 
input as shown 
in Figure 39. This places the amplifier 
in a very low current 
state for maximum 
power savings. 
Pullup resistors 
in the range from 1 kQ to 10 kn are recommended 
for 5-V and 3.3-V operation. 
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Figure 39. Schematic 
Diagram of Typical Headphone Sense Application 


Table 3 details the logic for the mute function of the TPA4860. 


INPUTSt 
OUTPUT 
AMPLIFIER 


HP-1 
HP-2 
SHUTDOWN 
HP-SENSE 
STATE 


Low 
Low 
Low 
Low 
Active 


Low 
High 
Low 
High 
Mute 


High 
Low 
Low 
High 
Mute 


High 
High 
Low 
High 
Mute 


X 
X 
High 
X 
Shutdown 
t Inputs should never be left unconnected. 
X = do not care 


The TPA4860 employs a shutdown mode of operation designed to reduce quiescent supply current, IOO(q), to 
the absolute minimum level during periods of nonuse for battery-power conservation. For example, during 
device sleep modes or when other audio-drive currents are used (I.e., headphone mode), the speaker drive is 
not required. The SHUTDOWN input terminal should be held low during normal operation when the amplifier 
is in use. Pulling SHUTDOWN high causes the outputs to mute and the amplifier to enter a low-current state, 
IOO(q) < 1 ~A. SHUTDOWN should never be left unconnected because amplifier operation would be 
unpredictable. 


Low-ESR capacitors are recommended throughout this applications section. A real capacitor can be modeled 
simply as a resistor in series with an ideal capacitor. The voltage drop across this resistor minimizes the 
beneficial effects of the capacitor in the circuit. The lower the equivalent value of this resistance the more the 
real capacitor behaves like an ideal capacitor. 


A prime consideration when designing an audio amplifier circuit is internal power dissipation in the device. The 
curve in Figure 40 provides an easy way to determine what output power can be expected out of the TPA4860 
for a given system ambient temperature in designs using 5-V supplies. This curve assumes no forced airflow 
or additional heat sinking. 
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5-V versus 3.3-V operation 


The TPA4860 was designed for operation over a supply range of 2.7 V to 5.5 V. This data sheet provides full 
specifications for 5-V and 3.3-V operation as these are considered to be the two most common standard 
voltages. There are no special considerations for 3.3-V versus 5-V operation as far as supply bypassing, gain 
setting, or stability. Supply current is slightly reduced from 3.5 mA (typical) to 2.5 mA (typical). The most 
important consideration is that of output power. Each amplifier in TPA4860 can produce a maximum voltage 
swing of VDD - 1 V. This means, for 3.3-V operation, clipping starts to occur when VO(PP)= 2.3 V as opposed 
to when VO(PP)= 4 V while operating at 5 V.The reduced voltage swing subsequently reduces maximum output 
power into an 8-Q load to less than 0.33 W before distortion begins to become significant. 


Operation at 3.3-V supplies, as can be shown from the efficiency formula in equation 4, consumes 
approximately two-thirds the supply power for a given output-power level than operation from 5-V supplies. 
When the application demands less than 500 mW, 3.3-V operation should be strongly considered, especially 
in battery-powered applications. 
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• 
1-W BTL Output (5 V, 0.2 % THD+N) 


• 
3.3-V and 5-V Operation 
• 
No Output Coupling 
Capacitors 
Required 


• 
Shutdown 
Control (100 = 0.6 llA) 
• 
Uncompensated 
Gains of 2 to 20 (BTL 
Mode) 


• 
Surface Mount Packaging 
• 
Thermal and Short-Circuit 
Protection 


• 
High Power Supply Rejection 
(56 dB at 1 kHz) 


• 
LM4861 Drop-In Compatible 


description 


The TPA4861 is a bridge-tied load (BTL) audio power amplifier capable of delivering 1W of continuous average 
power into an 8-n load at 0.4 % THD+N from a 5-V power supply in voiceband frequencies (f < 5 kHz). A BTL 
configuration eliminates the need for external coupling capacitors on the output in most applications. Gain is 
externally configured by means of two resistors and does not require compensation for settings of 2 to 20. 
Features of the amplifier are a shutdown function for power-sensitive applications as well as internal thermal 
and short-circuit protection. The TPA4861 works seamlessly with TI's TPA4860 in stereo applications. The 
amplifier is available in an 8-pin sOle 
surface-mount package that reduces board space and facilitates 
automated assembly. 


D PACKAGE 
(TOP VIEW) 


SHUTDOWN3s 
Vo2 
BYPASS 
2 
7 
GND 
IN+ 
3 
6 
VDD 
IN- 
4 
5 
Vo1 


RF 
-=- 
VDoI2 
Audio 
Input 


~CI 


RI 
4 
IN- 


3 
IN+ 
-=- 


CBT 


2 
BYPASS 


T Cs 


PRODUCTION 
DATA Information 
is current 
as of publication 
date. 


Products conform to specifications per the tenns of Texas Instruments 
standard 
warranty. 
Production 
processing 
does 
not necessarily 
include 


testing 
of all parameters. 
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PACKAGED 
DEVICE 


TA 
SMALL 
OUTLINE 
CHIP FORM 


(D) 


-20°C 
to 85°C 
TPA4861D 
TPA4861Y 


TPA4861V 
chip information 


This chip, when properly assembled, displays characteristics similar to the TPA4861C. Thermal compression 
or ultrasonic bonding may be used on the doped-aluminum bonding pads. This chip may be mounted with 
conductive epoxy or a gold-silicon preform. 


CHIP THICKNESS: 
15 MILS TYPICAL 


BONDING 
PADS: 4 x 4 MILS MINIMUM 


TJmax = 150°C 


TOLERANCES 
ARE ±10%. 


ALL DIMENSIONS 
ARE IN MILS. 


TERMINAL 
(4) IS INTERNALLY 
CONNECTED 
TO BACKSIDE 
OF CHIP. 
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 


Supply voltage, VDD 
6 V 
Input voltage, VI 
-0.3 V to VDD +0.3 V 
Continuous total power dissipation 
internally limited (see Dissipation Rating Table) 
Operating free-air temperature range, TA 
-20°C to 85°C 
Storage temperature range, Tstg 
-65°C to 150°C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds 
260°C 
t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
lunctional 
operation 01the device at these or any other conditions 
beyond those indicated under "recommended 
operating conditions" 
is not 
implied. Exposure to absolute-maximum-rated 
conditions lor extended periods may affect device reliability. 


PACKAGE 


D 


DISSIPATION 
RATING TABLE 


DERATING FACTOR 
TA = 70°C 


5.8 mW/oC 
470 mW 


TA = 85°C 


383mW 


MIN 
MAX 
UNIT 


Supply voltage, VDD 
2.7 
5.5 
V 
IVCC = 3 V 
1.25 
2.7 
V 
Common-mode 
input voltage, VIC 
IVCC = 5 V 
1.25 
4.5 
V 


Opelating 
Iree-air temperature, 
TA 
-20 
85 
°C 


TPA4861 
PARAMETER 
TEST CONDITIONS 
UNIT 
MIN 
TYP 
MAX 


VOO 
Output offset voltage 
See Note 1 
5 
20 
mV 


kSVR 
Supply voltage rejection ratio (,WDDI iNOO) 
VDD = 3.2 V to 3.4 V 
75 
dB 


IDD(q) 
Quiescent current 
2.5 
mA 


IDDlsdl 
Quiescent current, shutdown mode 
0.6 
J.!A 


TPA4861 
PARAMETER 
TEST CONDITIONS 
UNIT 
MIN 
TYP 
MAX 


THD =0.2%, 
1=1 
kHz, 
350 
mW 
Po 
Output power, see Note 2 
AV=2 


THD =2%, 
1=1 
kHz, 


AV=2 
500 
mW 


BOM 
Maximum output power bandwidth 
'. 
Gain = 10, 
THD =2% 
20 
kHz 


Bl 
Unity-gain bandwidth 
Open Loop 
1.5 
MHz 
I BTL 
1=1 
kHz 
56 
dB 
Supply ripple rejection 
ISE 
1=1 
kHz 
30 
dB 


Vn 
Noise output voltage, see Note 3 
Gain = 2 
20 
~V 


NOTES: 
2. 
Output power is measured at the output terminals 01the device. 
3. 
Noise voltage is measured in a bandwidth 0120 Hz to 20 kHz. 
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electrical characteristics at specified free-air temperature range, Voo = 5 V (unless otherwise 
noted) 


TPA4861 
PARAMETER 
TEST CONDITION 
UNIT 
MIN 
TYP 
MAX 


VOO 
Output offset voltage 
See Note 1 
5 
20 
mV 


kSVR 
Supply voltage rejection ratio (6VDD/6VOO) 
VDD = 4.9 V to 5.1 V 
70 
dB 


IDD(q) 
Quiescent current 
3.5 
mA 


IDD(sd) 
Quiescent current, shutdown mode 
0.6 
IlA 


TPA4861 
PARAMETER 
TEST CONDITIONS 
UNIT 
MIN 
TYP 
MAX 


THD =0.2%, 
1= 1 kHz, 
1000 
mW 
Po 
Output power, see Note 2 
AV=2 


THD=2%, 
1= 1 kHz, 
AV=2 
1100 
mW 


BOM 
Maximum output power bandwidth 
Gain = 10, 
THD=2% 
20 
kHz 


B1 
Unity-gain bandwidth 
Open Loop 
1.5 
MHz 


IBTL 
1= 1 kHz 
56 
dB 
Supply ripple rejection 


ISE 
1= 1 kHz 
30 
dB 


Vn 
Noise output voltage, see Note 3 
Gain = 2 
20 
IlV 


NOTES: 
2. 
Output power is measured at the output terminals 01the device. 
3. 
Noise voltage is measured in a bandwidth 0120 Hz to 20 kHz. 
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electrical characteristics at specified free-air temperature range, Voo = 5 V (unless otherwise 
noted) 


TPA4861Y 
PARAMETER 
TEST CONDITIONS 
UNIT 
MIN 
TYP 
MAX 


VOO 
Output offset voltage 
See Note 1 
5 
mV 


kSVR 
Supply voltage rejection ratio (,WOOIINool 
VOO = 4.9 V to 5.1 V 
70 
dB 


IOO(q) 
Quiescent current 
3.5 
mA 


IOO(sdl 
Quiescent current, shutdown mode 
0.6 
J.!A 


TPA4861Y 
PARAMETER 
TEST CONDITIONS 
UNIT 
MIN 
TYP 
MAX 


THO = 0.2%, 
1= 1 kHz, 
1000 
mW 
AV=2 
Po 
Output power, see Note 2 
THO=2%, 
1= 1 kHz, 


AV=2 
1100 
mW 


BOM 
Maximum output power bandwidth 
Gain = 10, 
THO =2% 
20 
kHz 


B1 
Unity-gain bandwidth 
Open Loop 
1.5 
MHz 
I BTL 
1= 1 kHz 
56 
dB 
Supply ripple rejection 
I SE 
1= 1 kHz 
30 
dB 


Vn 
Noise output voltage, see Note 4 
Gain = 2 
20 
~V 


NOTES: 
2. 
Output power is measured at the output pins 01the device. 


3. 
Noise voltage is measured in a bandwidth 0120 Hz to 20 kHz. 
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FIGURE 


VOO 
Output offset voltage 
Distribution 
1,2 


IDD 
Supply current distribution 
vs Free-air temperature 
3,4 


5,6,7,8,9, 


vs Frequency 
10,11,15, 


THD+N 
Total harmonic distortion plus noise 
16,17,18 


vs Output power 
12,13,14, 
19,20,21 


IDD 
Supply current 
vs Supply voltage 
22 


Vn 
Output noise voitage 
vs Frequency 
23,24 


Package power dissipation 
vs Free-air temperature 
25 


Power dissipation 
vs Output power 
26,27 


Maximum power output 
vs Free-air temperature 
28 


vs Load Resistance 
29 
Output power 
vs Supply Voltage 
30 


Open loop frequency 
response 
vs Freq uency 
31 


Power supply rejection ratio 
vs Frequency 
32,33 
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OUTPUT POWER 
vs 
LOAD RESISTANCE 
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bridged-tied 
load versus single-ended 
mode 


Figure 34 shows a linear audio power amplifier (APA) in a bridge tied load (BTL) configuration. A BTL amplifier 
actually consists of two linear amplifiers driving both ends of the load. There are several potential benefits to 
this differential drive configuration but initially let us consider power to the load. The differential drive to the 
speaker means that as one side is slewing up the other side is slewing down and vice versa. This in effect 
doubles the voltage swing on the load as compared to a ground referenced load. Plugging twice the voltage 
into the power equation, where voltage is squared, yields 4 times the output power from the same supply rail 
and load impedance (see equation 1). 


VO(PP) 
2/2 


2 


V(rms) 
~ 


RL J'! 
2x VO(PP) 


In a typical computer sound channel operating at 5 V, bridging raises the power into a 8-Q speaker from a 
singled-ended (SE) limit of 250 mW to 1 W. In sound power that is a 6-dB improvement - 
which is loudness 
that can be heard. In addition to increased power there are frequency response concerns, consider the 
single-supply SE configuration shown in Figure 35. A coupling capacitor is required to block the dc offset voltage 
from reaching the load. These capacitors can be quite large (approximately 40 IlF to 1000 IlF) so they tend to 
be expensive, occupy valuable PCB area, and have the additional drawback of limiting low-frequency 
performance of the system. This frequency limiting effect is due to the high pass filter network created with the 
speaker impedance and the coupling capacitance and is calculated with equation 2. 
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bridged-tied 
load versus single-ended 
mode (continued) 


_ 
1 
f(corner) 
- 
2nRL Cc 


For example, a 68-~F capacitor with an 8-Q speaker would attenuate low frequencies below 293 Hz. The BTL 
configuration cancels the dc offsets, which eliminates the need for the blocking capacitors. Low-frequency 
performance is then limited only by the input network and speaker response. Cost and PCB space are also 
minimized by eliminating the bulky coupling capacitor. 


VDD 


J' ~VO(PP) 


c~.11' h,""l 


Increasing power to the load does carry a penalty of increased internal power dissipation. The increased 
dissipation is understandable considering that the BTL configuration produces 4 times the output power of the 
SE configuration. Internal dissipation versus output power is discussed further in the thermal considerations 
section. 


Linear amplifiers are notoriously inefficient. The primary cause of these inefficiencies is voltage drop across the 
output stage transistors. There are two components of the internal voltage drop. One is the headroom or dc 
voltage drop that varies inversely to output power. The second component is due to the sinewave nature of the 
output. The total voltage drop can be calculated by subtracting the RMS value of the output voltage from VDD' 
The internal voltage drop multiplied by the RMS value of the supply current, IDDrms, determines the internal 
power dissipation of the amplifier. 


An easy to use equation to calculate efficiency starts out as being equal to the ratio of power from the power 
supply to the power delivered to the load. To accurately calculate the RMS values of power in the load and in 
the amplifier, the current and voltage waveform shapes must first be understood (see Figure 36). 


100 
,/ 


V(LRMS) 
-~- 
IOD(RMS) 
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BTL amplifier 
efficiency 
(continued) 


Although 
the voltages 
and currents 
for SE and BTL are sinusoidal 
in the load, currents 
from the supply are very 
different 
between 
SE and BTL configurations. 
In an SE application 
the current waveform 
is a half-wave 
rectified 
shape 
whereas 
in BTL it is a full-wave 
rectified 
waveform. 
This means 
RMS conversion 
factors 
are different. 


Keep in mind that for most of the waveform 
both the push and pull transistor 
are not on at the same time, which 
supports 
the fact that each amplifier 
in the BTL device only draws current from the supply for half the waveform. 


The following 
equations 
are the basis for calculating 
amplifier 
efficiency. 


Efficiency 
PL 
= Psup 


where: 


VLrms 
Vp 
!2 


VLrms2 
V 2 


PL 
= -p- 
=~ 
2RL 


Psup 
VOO 'DOrms 
VOO 2Vp 


IT RL 


'ODrms 


2Vp 
= 
IT RL 


1/2 


Effiency of a 
IT Vp 


IT (PL2 
R 
L) 


BTL Configuration 
2Voo 
2Voo 


Table 1 employs 
equation 
4 to calculate 
efficiencies 
for four different 
output power levels. Note that the efficiency 
of the amplifier 
is quite low for lower power levels and rises sharply 
as power to the load is increased 
resulting 


in a nearly flat internal 
power dissipation 
over the normal 
operating 
range. Note that the internal 
dissipation 
at 
full output 
power 
is less than in the half power 
range. Calculating 
the efficiency 
for a specific 
system 
is the key 
to proper power supply design. 
For a stereo 
1-W audio system 
with 8-n loads and a 5-V supply, the maximum 
draw on the power 
supply 
is almost 
3.25 W. 


Output Power 
Efficiency 
Peak-to-Peak 
Internal 
Voltage 
Dissipation 
(W) 
("!o) 
(V) 
(W) 


0.25 
31.4 
2.00 
0.55 


0.50 
44.4 
2.83 
0.62 


1.00 
62.8 
4.00 
0.59 


1.25 
70.2 
4.47t 
0.53 
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BTL amplifier efficiency (continued) 


A final point to remember 
about linear amplifiers 
whether 
they are SE or BTL configured 
is how to manipulate 
the terms 
in the efficiency 
equation 
to utmost 
advantage 
when possible. 
Note that in equation 
4, Voo 
is in the 
denominator. 
This indicates 
that as Voo 
goes down, 
efficiency 
goes up. 


For example, 
if the 5-V supply 
is replaced 
with a 10-V supply 
(TPA4861 
has a maximum 
recommended 
Voo 
of 5.5 V) in the calculations 
of Table 1 then efficiency 
at 1 W would fall to 31 % and internal 
power 
dissipation 
would 
rise to 2.18 W from 0.59 W at 5 V. Then for a stereo 
1-W system 
from a 1O-V supply, the maximum 
draw 
would 
be almost 
6.5 W. Choose 
the correct 
supply 
voltage 
and speaker 
impedance 
for the application. 


selection of components 


Figure 
37 is a schematic 
diagram 
of a typical 
notebook 
computer 
application 
circuit. 
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gain setting resistors, AF and AI 


The gain for the TPA4861 
is set by resistors 
RF and RI according 
to equation 
5. 


Gain = - 2(~~) 


BTL mode operation 
brings about the factor of 2 in the gain equation 
due to the inverting 
amplifier 
mirroring 
the 
voltage 
swing across 
the load. Given that the TPA4861 
is a MOS amplifier, 
the input impedance 
is very high, 


consequently 
input leakage 
currents 
are not generally 
a concern 
although 
noise in the circuit increases 
as the 
value of RF increases. 
In addition, 
a certain 
range of RF values 
are required 
for proper startup 
operation 
of the 
amplifier. 
Taken together 
it is recommended 
that the effective 
impedance 
seen 
by the inverting 
node of the 
amplifier 
be set between 
5 kQ and 20 kQ. The effective 
impedance 
is calculated 
in equation 
6. 


Effective 
RFRI 
Impedance 
= R+R 
F 
I 


As an example 
consider 
an input resistance 
of 10 kQ and a feedback 
resistor 
of 50 kQ. The gain of the amplifier 
would 
be -10 
and the effective 
impedance 
at the inverting 
terminal 
would 
be 8.3 kQ, which 
is well within 
the 
recommended 
range. 


For high performance 
applications 
metal film resistors 
are recommended 
because 
they tend to have lower noise 
levels than carbon 
resistors. 
For values of RF above 50 kQ the amplifier 
tends to become 
unstable 
due to a pole 
formed 
from 
RF and the 
inherent 
input 
capacitance 
of the 
MOS 
input 
structure. 
For this 
reason, 
a small 
compensation 
capacitor 
of approximately 
5 pF should be placed in parallel with RF This, in effect, creates 
a low 
pass filter network 
with the cutoff frequency 
defined 
in equation 
7. 


fCO(IOWpaSS) = 2rr~FCF 


For example 
if RF is 100 kQ and Cf is 5 pF then fco is 318 kHz, which 
is well outside 
of the audio 
range. 


input capacitor, C. 


In the typical 
application 
an input capacitor, 
CI, is required 
to allow the amplifier 
to bias the input signal to the 
proper dc level for optimum 
operation. 
In this case, CI and RI form a high-pass 
filter with the corner 
frequency 
determined 
in equation 
8. 


1 


fcO(highpass) 
= 2rrRICI 


The value of CI is important 
to consider 
as it directly 
affects the bass (low frequency) 
performance 
of the circuit. 


Consider 
the example 
where 
RI is 10 kQ and the specification 
calls for a flat bass response 
down to 40 Hz. 


Equation 
8 is reconfigured 
as equation 
9. 


CI = __ 1_ 
2rrRlfco 


In this example, 
CI is 0.40 JlF so one would 
likely choose 
a value 
in the range 
of 0.47 JlF to 1 JlF. A further 
consideration 
for this capacitor 
is the leakage 
path from the input source through 
the input network 
(RI' CI) and 
the feedback 
resistor (RF) to the load. This leakage current creates a dc offset voltage atthe 
input to the amplifier 
that reduces 
useful headroom, 
especially 
in high gain applications. 
For this reason a low-leakage 
tantalum 
or 
ceramic 
capacitor 
is the best choice. 
When 
polarized 
capacitors 
are used, the positive 
side of the capacitor 
should face the amplifier 
input in most applications 
as the dc level there is held at VDo/2, 
which is likely higher 
that the source 
dc level. Please 
note that it is important 
to confirm 
the capacitor 
polarity 
in the application. 
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power 
supply 
decoupling, 
Cs 


The TPA4861 
is a high-performance 
CMOS 
audio amplifier 
that requires 
adequate 
power 
supply 
decoupling 
to ensure 
the output 
total 
harmonic 
distortion 
(THO) 
is as low as possible. 
Power 
supply 
decoupling 
also 
prevents 
oscillations 
for long lead lengths 
between 
the amplifier 
and the speaker. 
The optimum 
decoupling 
is 
achieved 
by using two capacitors 
of different 
types that target different 
types of noise on the power supply leads. 
For higher 
frequency 
transients, 
spikes, 
or digital 
hash on the line, a good 
low equivalent-series-resistance 


(ESR) ceramic 
capacitor, 
typically 
0.1 I!F placed 
as close as possible 
to the device 
VDD lead works 
best. For 
filtering 
lower-frequency 
noise signals, 
a larger aluminum 
electrolytic 
capacitor 
of 10 I!F or greater 
placed 
near 
the power amplifier 
is recommended. 


midrail 
bypass 
capacitor, 
CB 


The midrail bypass capacitor, 
CB, serves several important 
functions. 
During startup or recovery 
from shutdown 
mode, 
CB determines 
the rate at which the amplifier 
starts up. This helps to push the start-up 
pop noise into 
the subaudible 
range 
(so slow it can not be heard). 
The second 
function 
is to reduce 
noise produced 
by the 
power 
supply 
caused 
by coupling 
into the output 
drive signal. 
This noise is from the midrail 
generation 
circuit 


internal 
to the amplifier. 
The capacitor 
is fed from a 25-kil 
source 
inside the amplifier. 
To keep the start-up 
pop 
as low as possible, 
the relationship 
shown 
in equation 
10 should 
be maintained. 


1 
<_1_ 
(CB x 25kn) 
- (C1R1) 


As an example, 
consider 
a circuit where CB is 0.1 I!F, CI is 0.22 I!F and RI is 10 kQ. Inserting 
these values 
into 
the equation 
9 we get: 


400 :5 454 


which satisfies 
the rule. Bypass capacitor, 
CB, values of 0.1 I!F to 1 I!F ceramic 
or tantalum 
low-ESR 
capacitors 
are recommended 
for the best THO and noise performance. 
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single-ended operation 


Figure 38 is a schematic diagram of the recommended SE configuration. In SE mode configurations, the load 
should be driven from the primary amplifier output (OUT1, terminal 10). 
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Gain is set by the RF and RI resistors and is shown in equation 11. Since the inverting amplifier is not used to 
mirror the voltage swing on the load, the factor of 2 is not included. 


Gain 
= -(~~) 


The phase margin of the inverting amplifier into an open circuit is not adequate to ensure stability, so a 
termination load should be connected to Vo2. This consists of a 50-Q resistor in series with a 0.1-~F capacitor 
to ground. It is important to avoid oscillation of the inverting output to minimize noise and power dissipation. 


The output coupling capacitor required in single-supply SE mode also places additional constraints on the 
selection of other components in the amplifier circuit. The rules described earlier still hold with the addition of 
the following relationship: 
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output coupling 
capacitor, 
Cc 


In the typical single-supply SE configuration, an output coupling capacitor (Cc) is required to block the dc bias 
at the output of the amplifier thus preventing dc currents in the load. As with the input coupling capacitor, the 
output coupling capacitor and impedance of the load form a high-pass filter governed by equation 13. 


1 


fOulhiQh 
= 21tR 
C 


L 
C 


The main disadvantage, from a performance standpoint, is that the load impedances are typically small, which 
drive the low-frequency corner higher. Large values of Cc are required to pass low frequencies into the load. 
Consider the example where a Cc of 68 ItF is chosen and loads vary from 8 Q, 32 Q, and 47 kQ. Table 2 
summarizes the frequency response characteristics of each configuration. 


RL 
Cc 
Lowest Frequency 


8n 
68l!F 
293 Hz 


32n 
68l!F 
73 Hz 


47,000n 
68l!F 
0.05 Hz 


As Table 2 indicates, most of the bass response is attenuated into 8-Q loads while headphone response is 
adequate and drive into line level inputs (a home stereo for example) is very good. 


The TPA4861 employs a shutdown mode of operation designed to reduce quiescent supply current, IOO(q),to 
the absolute minimum level during periods of nonuse for battery-power conservation. For example, during 
device sleep modes or when other audio-drive currents are used (i.e., headphone mode), the speaker drive is 
not required. The SHUTDOWN input terminal should be held low during normal operation when the amplifier 
is in use. Pulling SHUTDOWN high causes the outputs to mute and the amplifier to enter a low-current state, 
IOO(q) < 1 itA. SHUTDOWN should never be left unconnected because amplifier operation would be 
unpredictable. 


Low-ESR capacitors are recommended throughout this applications section. A real capacitor can be modeled 
simply as a resistor in series with an ideal capacitor. The voltage drop across this resistor minimizes the 
beneficial effects of the capacitor in the circuit. The lower the equivalent value of this resistance the more the 
real capacitor behaves like an ideal capacitor. 
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A prime consideration when designing an audio amplifier circuit is internal power dissipation in the device. The 
curve in NO TAG provides an easy way to determine what output power can be expected out of the TPA4861 
for a given system ambient temperature in designs using 5-V supplies. This curve assumes no forced airflow 
or additional heat sinking. 
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5-V versus 3.3-V operation 


The TPA4861 was designed for operation over a supply range of 2.7 V to 5.5 V. This data sheet provides full 
specifications for 5-V and 3.3-V operation as these are considered to be the two most common standard 
voltages. There are no special considerations for 3.3-V versus 5-V operation as far as supply bypassing, gain 
setting or stability. Supply current isslightly reduced from 3.5 mA (typical) to 2.5 mA (typical). The most important 
consideration is that of output power. Each amplifier in TPA4861 can produce a maximum voltage swing of 
VDD - 1 V. This means, for 3.3-V operation, clipping starts to occur when VO(PP) = 2.3 V as opposed when 
VO(PP)= 4 V while operating at 5 V.The reduced voltage swing subsequently reduces maximum output power 
into an 8-Q load to less than 0.33 W before distortion begins to become significant. 


Operation at 3.3-V supplies, as can be shown from the efficiency formula in equation 4, consumes 
approximately two-thirds of the supply power for a given output-power level than operation from 5-V supplies. 
When the application demands less than 500 mW, 3.3-V operation should be strongly considered, especially 
in battery-powered applications. 
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LF347,LF347B 
JFET·INPUT 
QUAD OPERATIONAL AMPLIFIERS 
SlOS0138 
- MARCH 
1987 - REVISED 
AUGUST 
1994 


• 
Low Input Bias Current ... 
50 pA Typ 


• 
Low Input Noise Current 
0.01 pAl..JH"ZTyp 


• 
Low Total Harmonic Distortion 


• 
Low Supply Current. 
.. 
8 mA Typ 
• 
Gain Bandwidth 
3 MHz Typ 


• 
High Slew Rate 
13 VlJls Typ 
• 
Pin Compatible 
With the LM348 


10UT 
11N- 
11N+ 
Vcc+ 
21N+ 
21N- 
20UT 


D OR N PACKAGE 


(TOP VIEW) 


1 U 14 


2 
13 


3 
12 


4 
11 


5 
10 
6 
9 


7 
8 


40UT 
41N- 
41N+ 
Vcc- 
31N+ 
31N- 
30UT 
description 


These devices are low-cost, high-speed, JFET-input operational amplifiers. They require low supply current yet 
maintain a large gain-bandwidth product and a fast slew rate. In addition, their matched high-voltage JFET 
inputs provide very low input bias and offset current. 


The LF347 and LF347B can be used in applications such as high-speed integrators, digital-to-analog 
converters, sample-and-hold circuits, and many other circuits. 


The LF347 and LF347B are characterized for operation from O°Cto 70°C. 


:::------~b>------ 
OUT 


PACKAGE 


TA 
Vlomax 
SMALL 
OUTLINE 
PLASTIC 
DIP 
AT 25°C 
(D) 
(N) 


O°C to 70°C 
10mV 
LF347D 
LF347N 


5mV 
LF347BD 
LF347BN 


The 0 packages are available taped and reeled. Add R suffix to the device 
type (e.g., LF347DR). 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supply voltage, VCC + 
......................................•................•.............. 
18 V 
Supply voltage VCC_ 
-18 V 
Differential input voltage, VID 
±30 V 
Input voltage, VI (see Note 1) 
±15 V 
Duration of output short circuit 
unlimited 
Continuous total power dissipation 
See Dissipation Rating Table 
Operating temperature range 
O°Cto 70°C 
Storage temperature range 
-65°C to 150°C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds 
260°C 


PROOUcnON 
DATA 
infonnatlon 
i. current 
u 
of 
publication 
date. 


Producta 
conform 
to specifications 
per the terms 
of Texas Instruments 
standard warranty. Productk»n processIng doe, not neceuarlly Include 
testing 
of.1I 
parameters. 
"!!1 
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LF347,LF347B 
JFET·INPUT 
QUAD OPERATIONAL AMPLIFIERS 
SLOS013B 
- MARCH 
1987 - REVISED 
AUGUST 
1994 


DISSIPATION RATING TABLE 


TA ~ 25°C 
DERATING 
DERATE 
POWER RATING 
FACTOR 
ABOVE TA 


608 mW 
7.6 mW/oC 
61°C 
680 mW 
N/A 
N/A 


TA=70°C 
POWER RATING 


608mW 
680mW 


MIN 
MAX 
UNIT 


Supply voltage, VCC + 
3.5 
18 
V 


Supply voltage, VCC- 
-3.5 
-18 
V 


electrical characteristics over operating free-air temperature range, Vcc± = ±15 V (unless 
otherwise specified) 


TEST 
LF347 
LF347B 
PARAMETER 
CONDITIONS 
TAt 
UNIT 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


VIC=O, 
25°C 
5 
10 
3 
5 
VIO 
Input offset voltage 
mV 
RS= 
10 kn 
Full range 
13 
7 


exVIO 
Average temperature 
coefficient 01 
VIC=O, 
18 
18 
IlV/oC 
input offset voltage 
RS= 
10 kn 


25°C 
25 
100 
25 
100 
pA 
110 
Input offset current:l: 
VIC=O 
70°C 
4 
4 
nA 


25°C 
50 
200 
50 
200 
pA 
liB 
Input bias current:l: 
VIC=O 
70°C 
8 
8 
nA 


-12 
-12 


VICR 
Common-mode 
input voltage range 
±11 
to 
±11 
to 
V 
15 
15 


YOM 
Maximum peak output voltage swing 
RL= 
10 kn 
±12 
±13.5 
±12 
±13.5 
V 


VO=±10V, 
25°C 
25 
100 
50 
100 
AVD 
Large-signal differential voltage 
V/mV 
RL=2 
kn 
Full range 
15 
25 


r; 
Input resistance 
TA = 25°C 
1012 
1012 
Q 


CMRR 
Common-mode 
rejection ratio 
RSS2 
kn 
70 
100 
80 
100 
dB 


kSVR 
Supply-voltage 
rejection ratio 
See Note 2 
70 
100 
80 
100 
dB 


ICC 
Supply current 
8 
11 
8 
11 
mA 
t Full range is O°C to 70°C. 
:I:Input bias currents 01a FET-input operational amplilier are normal junction reverse currents, which are temperature sensitive. Pulse techniques 
must be used that will maintain the junction temperatures 
as close to the ambient temperature 
as possible. 


NOTE 2: 
Supply-voltage 
rejection ratio is measured lor both supply magnitudes increasing or decreasing simultaneously. 


PARAMETER 
TEST CONDITIONS 
MIN 
TYP 
MAX 
UNIT 


V01N02 
Crosstalk attentuation 
1=1 
kHz 
120 
dB 


SR 
Slew rate 
8 
13 
V/IlS 


Bl 
Unity-gain bandwidth 
3 
MHz 


Vn 
Equivalent input noise voltage 
1=1 
kHz, 
RS=20Q 
18 
nV/VHZ 


In 
Equivalent input noise current 
1=1 
kHz 
0.01 
pA/VHZ 
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LF351 
JFET-INPUT 
OPERATIONAL AMPLIFIER 
SLOS014B 
- MARCH 
1987 - REVISED 
AUGUST 
1994 


• 
Low Input Bias Current 
50 pA Typ 
• 
Low Input Noise Voltage 
18 nV/-YHZTyp 


• 
Low Input Noise Current 
0.01 pAl-YHZTyp 


• 
Low Supply Current 
1.8 mA Typ 
• 
High Input impedance 
1012 Q Typ 


• 
Low Total Harmonic Distortion 


• 
Internally 
Trimmed Offset Voltage 
10 mVTyp 


• 
High Slew Rate 
13 V/lJ-STyp 


• 
Gain Bandwidth 
3 MHz 
• 
Pin Compatible 
With Standard 741 


o OR P PACKAGE 
(TOP VIEW) 


BAL1D8 
NC 
IN- 
2 
7 
VCC+ 
IN+ 
3 
6 
OUT 
VCC- 
4 
5 
BAL2 


description 


This device is a low-cost, high-speed, JFET-input operational amplifier with an internally trimmed input offset 
voltage. It requires low supply current yet maintains a large gain-bandwidth product and a fast slew rate. In 
addition, the matched high-voltage JFET input provides very low input bias and offset currents. It uses the same 
offset voltage adjustment circuits as the 741. 


The LF351 can be used in applications 
such as high-speed integrators, digital-to-analog 
converters, 


sample-and-hold circuits, and many other circuits. 


The LF351 is characterized for operation from O°Cto 70°C. 


IN- 
2 


~ 


6 
3 
OUT 
IN+ 


BAL1 


BAL2 
5 


AVAILABLE 
OPTIONS 


Vlomax 
PACKAGE 


TA 
AT 25°C 
SMALL 
OUTLINE I PLASTIC 
DIP 
(D) 
(P) 


DOC to 7DoC 
1DmV 
LF3510 
I 
LF351P 


The 0 packages are available taped and reeled. Add the suffix R to the 
device type (Le.• LF351 DR). 


PRODUCTION 
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publication 
date. 
Products conform to specifications per the terms of Teds Instruments 
standard 
warranty. 
Production 
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LF351 
JFET-INPUT 
OPERATIONAL AMPLIFIER 
SLOS014B 
- MARCH 
1987 - REVISED 
AUGUST 
1994 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supply voltage, Vcc+ 
18 V 
Supply voltage, VCC_ 
-18 V 
Differential input voltage, VIO 
±30 V 


Input voltage, VI (see Note 1) 
±15 V 
Duration of output short circuit 
unlimited 
Continuous total power dissipation 
500 mW 
Operating temperature range 
O°Cto 70°C 
Storage temperature range 
-65°C to 150°C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds 
260°C 


NOTE 1: 
Unless otherwise specilied, the absolute maximum negative input voltage is equal to the negative power supply voltage. 


MIN 
MAX 
UNIT 


Supply voltage, VCC + 
3.5 
18 
V 


Supply voltage. VCC- 
-3.5 
-18 
V 


electrical characteristics 
over operating free-air temperature range, Vcc± = ±15 V (unless 
otherwise noted) 


PARAMETER 
TEST CONDITIONS 
TAt 
MIN 
TYP 
MAX 
UNIT 


25°C 
5 
10 
Via 
Input offset voltage 
VIC=O, 
RS=10kn 
mV 


Full range 
13 


aVIO 
Average temperature 
coefficient 01input offset 
VIC=O, 
RS=10kQ 
10 
VoV/oC 
voltage 


Input offset current:!: 
25°C 
25 
100 
pA 


110 
V'C=O 
70°C 
4 
nA 


Input bias current:!: 
25°C 
50 
200 
pA 
liB 
VIC=O 
70°C 
8 
nA 


-12 


VICR 
Common-mode 
input voltage range 
±11 
to 
V 
15 


VOM 
Maximum peak output voltage swing 
RL= 
10 kn 
±12 
±13.5 
V 


25°C 
25 
200 
AVD 
Large-signal 
differential voltage 
Va = ±10 V, 
RL=2 
kQ 
V/mV 
Full range 
15 
200 


r; 
Input resistance 
TJ = 25°C 
1012 
Q 


CMRR 
Common-mode 
rejection ratio 
RSS10 
kQ 
70 
100 
dB 


kSVR 
Supply-voltage 
rejection ratio 
See Note 2 
70 
100 
dB 


ICC 
Supply current 
1.8 
3.4 
mA 


t Full range is DoCto 70°C. 
:!:Input bias currents 01a FET-input operational amplifier are normal junction reverse currents, which are temperature 
sensitive. Pulse techniques 
must be used that will maintain the junction temperatures 
as close to the ambient temperature 
as possible. 
NOTE 2: 
Supply-voltage 
rejection ratio is measured lor both supply magnitudes 
increasing or decreasing simultaneously. 


PARAMETER 
TEST CONDITIONS 
MIN 
TYP 
MAX 
UNIT 


SR 
Slew rate 
8 
13 
VIVos 


B1 
Unity-gain bandwidth 
3 
MHz 


Vn 
Equivalent input noise voltage 
1=1 kHz, 
RS =20Q 
18 
nV/VHz 


In 
Equivalent input noise current 
1=1 
kHz 
0.01 
pNVHz 
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LF353 
JFET·INPUT 
DUAL OPERATIONAL AMPLIFIER 
SLOS012B 
- MARCH 
1987 - REVISED 
AUGUST 
1994 


• 
Low Input Bias Current ... 
50 pA Typ 


• 
Low Input Noise Current 
0.01 pAl'i'HZ Typ 


• 
Low Input Noise Voltage ... 
18 nV/'i'HZ Typ 


• 
Low Supply Current 
3.6 mA Typ 


• 
High Input Impedance 
1012 Q Typ 
• 
Internally Trimmed Offset Voltage 


• 
Gain Bandwidth 
3 MHz Typ 


• 
High Slew Rate 
13 VlIlS Typ 


D OR P PACKAGE 
(TOP VIEW) 


lOUTDa 
VCC+ 
11N- 
2 
7 
20UT 
11N+ 
3 
6 
21N- 
VCC- 
4 
5 
21N+ 


description 


This device is a low-cost, high-speed, JFET-input operational amplifier with very low input offset voltage. It 
requires low supply current yet maintains a large gain-bandwidth product and a fast slew rate. In addition, the 
matched high-voltage JFET input provides very low input bias and offset currents. 


The LF353 can be used in applications such as high-speed integrators, digital-to:analog 
converters, 
sample-and-hold circuits, and many other circuits. 


The LF353 is characterized for operation from O°Cto 70°C. 


symbol (each amplifier 
I~:--t>-- 


PACKAGE 


TA 
VIOmax 
SMALL 
OUTLINE I PLASTIC 
DIP 
AT 25°C 
(D) 
(P) 


DOC to 7DoC 
1DmV 
LF353D 
I 
LF353P 


The D packages are available taped and reeled. Add the suffix R to the 
device type (ie., LF353DR). 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supply voltage, Vcc 
+ 
..............................•....................................... 
18 V 
Supply voltage, Vcc 
_ 
-18 
V 
Differential input voltage, VID 
±30 V 
Input voltage, VI (see Note 1) 
± 15 V 
Duration of output short circuit 
unlimited 
Continuous total power dissipation 
500 mW 
Operating temperature range 
O°Cto 70°C 
Storage temperature range 
-65°C to 150°C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds 
260°C 


PRODUCTION 
DATA 
information 
Is current 
as 
of 
publication 
date. 


Products 
conform 
to specifications 
per the terms 
01 Texas 
Instruments 
standard 
warranty. 
Production 
processing 
does 
not necessarily 
Include 
testing of all parameters. 
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LF353 
JFET·INPUT 
DUAL OPERATIONAL AMPLIFIER 
SLOS012B 
- MARCH 
1987 - REVISED 
AUGUST 
1994 


MIN 
MAX 
UNIT 


Supply voltage, VCC + 
3.5 
18 
V 


Supply voltage. VCC- 
-3.5 
-18 
V 


electrical 
characteristics 
over 
operating 
free-air 
temperature 
range, 
VCC± 
= ±15 
V (unless 
otherwise 
specified) 


PARAMETER 
TEST CONDITIONS 
TAt 
MIN 
TYP 
MAX 
UNIT 


25°C 
5 
10 
VIO 
Input offset voltage 
VIC=O, 
RS=10kQ 
mV 
Full range 
13 


CLVIO 
Average temperature 
coefficient 01 input offset 
VIC=O, 
RS=10kQ 
10 
IlV/0C 
voltage 


25°C 
25 
100 
pA 
110 
Input offset current:l: 
VIC=O 
70°C 
4 
nA 


25°C 
50 
200 
pA 
liB 
Input bias current:l: 
VIC=O 
70°C 
8 
nA 


-12 


VICR 
Common-mode 
input voltage range 
±11 
to 
V 
15 


YOM 
Maximum peak output voltage swing 
RL = 10 kQ 
±12 
±13.5 
V 


25°C 
25 
100 
AVD 
Large-signal differential voltage 
VO=±10V, 
RL=2 
kQ 
V/mV 
Full range 
15 


q 
Input resistance 
TJ = 25°C 
1012 
Q 


CMRR 
Common-mode 
rejection ratio 
RS~10kQ 
70 
100 
dB 


kSVR 
Supply-voltage 
rejection ratio 
See Note 2 
70 
100 
dB 


ICC 
Supply current 
3.6 
6.5 
mA 
t Full range is O°C to 70°C. 
:l:Input bias currents 01 a FET-input operational amplilier are normal junction reverse currents, which are temperature 
sensitive. Pulse techniques 
must be used that will maintain the junction temperatures 
as close to the ambient temperature 
as possible. 
NOTE 2: 
Supply-voltage 
rejection ratio is measured lor both supply magnitudes 
increasing or decreasing simultaneously. 


PARAMETER 
TEST CONDITIONS 
MIN 
TYP 
MAX 
UNIT 


V01N02 
Crosstalk altentuation 
1=1 kHz 
120 
dB 


SR 
Slew rate 
8 
13 
V/IlS 


B1 
Unity-gain bandwidth 
3 
MHz 


Vn 
Equivalent input noise voltage 
1= 1 kHz, 
RS =20Q 
18 
nV/VHZ 


In 
Equivalent input noise current 
1=1 kHz 
0.01 
pNVHZ 
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LF411C 
JFET·INPUT OPERATIONAL AMPLIFIER 


• 
Low Input Bias Current •.. 
50 pA Typ 


• 
Low Input Noise Current 
0.01 pAl,;Hi 
Typ 


• 
Low Supply Current 
2 mA Typ 


• 
High Input impedance 
1012 Q Typ 


• 
Low Total Harmonic Distortion 


• 
Low 111 Noise Corner ... 
50 Hz Typ 


o OR P PACKAGE 
(TOP VIEW) 


BAL1 
[]8 
NC 
IN- 
2 
7 
VCC+ 
IN+ 
3 
6 
OUT 


VCC- 
4 
5 
BAL2 


description 


This device 
is a low-cost, 
high-speed, 
JFET-input 
operational 
amplifier 
with very low input offset voltage 
and 
a maximum 
input offset voltage 
drift. It requires 
low supply current yet maintains 
a large gain-bandwidth 
product 
and a fast slew rate. In addition, 
the matched 
high-voltage 
JFET 
input provides 
very low input bias and offset 
currents. 


The 
LF411 C can 
be 
used 
in applications 
such 
as 
high-speed 
integrators, 
digital-to-analog 
converters, 
sample-and-hold 
circuits, 
and many other circuits. 


The LF411 C is characterized 
for operation 
from O°C to 7DoC. 


2 
IN- 
6 
3 
OUT 
IN+ 


BAL1 
5 
BAL2 


PACKAGE 


TA 
Vlomax 
SMALL OUTLINE I PLASTIC DIP 
AT 25°C 
(D) 
(P) 


DOCto 7DoC 
2mV 
LF411CD 
I 
LF411CP 


The 0 packages are available taped and reeled. Add the suffix R to the 
device type (ie., LF411CDR). 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supply 
voltage, 
VCC+ 
18 V 
Supply 
voltage, 
VCC- 
-18 
V 
Differential 
input voltage, 
VID 
±30 V 
Input voltage, 
VI (see Note 1) 
± 15 V 
Duration 
of output 
short circuit 
unlimited 
Continuous 
total power 
dissipation 
500 mW 
Operating 
temperature 
range 
DOCto 7DoC 
Storage 
temperature 
range 
-65°C 
to 150°C 
Lead temperature 
1,6 mm (1/16 inch) from case for 10 seconds 
260°C 


~TEXAS 
INSTRUMENTS 


LF411C 
JFET·INPUT OPERATIONAL AMPLIFIER 


MIN 
MAX 
UNIT 


Supply voltage, VCC + 
I 
3.5 
18 
V 


Supply voltage, VCC- 
-3.5 
-18 
V 


electrical characteristics 
over operating free-air temperature range, VCC± =±15 V (unless otherwise 
specified) 


PARAMETER 
TEST CONDITIONS 
TAt 
MIN 
TYP 
MAX 
UNIT 


Via 
Input offset voltage 
VIC=O, 
RS=10kn 
25'C 
0.8 
2 
mV 


aVIO 
Average temperature 
coefficient of input offset 
VIC=O, 
RS = 10 kn 
10 
20:1: 
JlV/'C 
voltage 


25'C 
25 
100 
pA 
110 
Input offset current§ 
VIC=O 
70'C 
2 
nA 


Input bias current§ 
25'C 
50 
200 
pA 
liB 
VIC=O 
70'C 
4 
nA 


-11.5 


VICR 
Common-mode 
input voltage range 
±11 
to 
V 
14.5 


VOM 
Maximum peak output voltage swing 
RL=10kn 
±12 
±13.5 
V 


25'C 
25 
200 
AVD 
Large-signal 
differential voltage 
VO=±10V, 
RL=2 
kn 
V/mV 
Full range 
15 
200 


r; 
Input resistance 
TJ = 25'C 
1012 
Q 


CMRR 
Common-mode 
rejection ratio 
RS,,10kn 
70 
100 
dB 


kSVR 
Supply-voltage 
rejection ratio 
See Note 2 
70 
100 
dB 


ICC 
Supply current 
2 
3.4 
mA 
t Full range is O'C to 70'C. 


:I: At least 90% of the devices meet this limit for aVIO. 
§ Input bias currents of a FET-input operational amplifier are normal junction reverse currents, which are temperature 
sensitive. Pulse techniques 
must be used that will maintain the junction temperatures 
as close to the ambient temperature 
as possible. 


NOTE 2: 
Supply-voltage 
rejection ratio is measured for both supply magnitudes 
increasing or decreasing simultaneously. 


PARAMETER 
TEST CONDITIONS 
MIN 
TYP 
MAX 
UNIT 


SR 
Slew rate 
8 
13 
V/JlS 


81 
Unity-gain bandwidth 
2.7 
3 
MHz 


Vn 
Equivalent input noise voltage 
f= 1 kHz, 
RS =20Q 
18 
nV/{HZ 


In 
Equivalent input noise current 
f = 1 kHz 
0.01 
pAl{HZ 


~TEXAS 
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LF412C 
DUAL JFET·INPUT OPERATIONAL AMPLIFIER 


• 
Low Input Bias Current ... 
50 pA Typ 


• 
Low Input Noise Current 
0.01 pAl-{HZ Typ 


• 
Low Supply Current 
4.5 mA Typ 


• 
High Input impedance 
1012 Q Typ 


• 
Internally 
Trimmed Offset Voltage 


• 
Wide Gain Bandwidth 
... 
3 MHz Typ 


• 
High Slew Rate ... 
13 VlJls Typ 


o OR P PACKAGE 
(TOP VIEW) 
lOUT[]a 
VCC+ 
11N- 
2 
7 
20UT 


11N+ 
3 
6 
21N- 


VCC- 
4 
5 
21N+ 


description 


This device is a low-cost, high-speed, JFET-input operational amplifier with very low input offset voltage and 
a specified maximum input offset voltage drift. It requires low supply current yet maintains a large gain bandwidth 
product and a fast slew rate. In addition, the matched high-voltage JFET input provides very low input bias and 
offset currents. 


The LF412C can be used in applications such as high-speed integrators, digital-to-analog 
converters, 


sample-and-hold circuits, and many other circuits. 


The LF412C is characterized for operation from O°Cto 70°C. 


:::--t>-- 


PACKAGE 


TA 
V,omax 
SMALL 
OUTLINE I PLASTIC 
DIP 
AT 25°C 
(D) 
(P) 


DOCto 7DoC 
3mV 
LF412CD 
I 
LF412CP 


The D packages are available taped and reeled. Add the suffix R to the 
device type (ie., LF412CDR). 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supply voltage, Vcc+ 
18 V 
Supply voltage, Vcc- 
-18 V 
Differential input voltage, VID 
±30 V 
Input voltage, VI (see Note 1) 
±15 V 
Duration of output short circuit 
unlimited 
Continuous total power dissipation 
500 mW 
Operating temperature range 
O°Cto 70°C 
Storage temperature range 
-65°C to 150°C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds 
260°C 


PROOUCTtON 
DATA 
Information 
Is Ctlrrtnl 
as 
01 publication 
date. 


Products 
conform 
10 specifications 
per the terml 
of Teu. lnatruments 
standard 
warranty. Production 
procelling 
does not necel •.• rily Include 


testing of all parameters. 
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LF412C 
DUAL JFET·INPUT OPERATIONAL AMPLIFIER 


MIN 
MAX 
UNIT 


Supply voltage, VCC + 
3.5 
18 
V 


Supply voltage, VCC- 
-3.5 
-18 
V 


electrical characteristics 
over operating free-air temperature range, VCC±= ±15 V (unless otherwise 
specified) 


PARAMETER 
TEST CONDITIONS 
TAt 
MIN 
TYP 
MAX 
UNIT 


VIO 
Input offset voltage 
VIC=O, 
RS=10kn 
25°C 
1 
3 
mV 


aVIO 
Average temperature 
coefficient 01input offset 
VIC=O, 
RS=10kQ 
10 
20:1: 
IlV/oC 
voltage 


25°C 
25 
100 
pA 
110 
Input offset current§ 
VIC=O 
70°C 
4 
nA 


25°C 
50 
200 
pA 
liB 
Input bias current§ 
VIC=O 
70°C 
8 
nA 


-11.5 


VICR 
Common-mode 
input voltage range 
±11 
to 
V 
14.5 


VOM 
Maximum peak output voltage swing 
RL=10kQ 
±12 
±13.5 
V 


25°C 
25 
200 
AVD 
Large-signal 
differential voltage 
VO=±10V, 
RL = 2 kQ 
V/mV 
Full range 
15 
200 


q 
Input resistance 
TA = 25°C 
1012 
Q 


CMRR 
Common-mode 
rejection ratio 
RS$10kn 
70 
100 
dB 


kSVR 
Supply-voltage 
rejection ratio 
See Note 2 
70 
100 
dB 


ICC 
Supply cu rrent 
4.5 
6.8 
mA 
t Full range is O°C to 70°C. 
:I:At least 90% 01the devices meet this limit lor aVIO. 
§ Input bias currents 01a FET-input operational amplifier are normal junction reverse currents, which are temperature 
sensitive. Pulse techniques 
must be used that will maintain the junction temperatures 
as close to the ambient temperature 
as possible. 


NOTE 2: 
Supply-voltage 
rejection ratio is measured lor both supply magnitudes increasing or decreasing simultaneously. 


PARAMETER 
TEST CONDITIONS 
MIN 
TYP 
MAX 
UNIT 


V01N02 
Crosstalk attenuation 
1=1 
kHz 
120 
dB 


SR 
Slew rate 
8 
13 
VlIlS 


B1 
Unity-gain bandwidth 
2.7 
3 
MHz 


Vn 
Equivalent input noise voltage 
1= 1 kHz, 
RS=20Q 
18 
nV/-IHZ 


In 
Equivalent input noise current 
1=1 
kHz 
0.01 
pAl-IHZ 


~TEXAS 
INSTRUMENTS 


LM118, LM218, LM318 
FAST GENERAL-PURPOSE 
OPERATIONAL AMPLIFIERS 


• 
Small-Signal 
Bandwidth 
... 
15 MHz Typ 


• 
Slew Rate ... 
50 V/JlS Min 
• 
Bias Current ... 
250 nA Max (LM118, 
LM218) 


• 
Supply Voltage Range ... 
±5 V to ±20 V 


• 
Internal Frequency Compensation 


• 
Input and Output Overload Protection 


• 
Same Pin Assignments 
as 
General-Purpose 
Operational 
Amplifiers 


0, JG, OR P PACKAGE 
(TOP VIEW) 


BALICOMP1 
[]8 
COMP2 
IN- 
2 
7 
VCC+ 
IN+ 
3 
6 
OUT 
Vcc- 
4 
5 
BALICOMP3 


FKPACKAGE 
(TOP VIEW) 


description 


The LM118, 
LM218, 
and LM318 
are precision, 


fast 
operational 
amplifiers 
designed 
for 
applications requiring wide bandwidth and high 
slew rate. They feature a factor-of-ten increase in 
speed 
over 
general-purpose 
devices 
without 


sacrificing dc performance. 


These operational amplifiers have internal unity- 
gain frequency compensation. This considerably 
simplifies 
their application, 
since no external 
components 
are 
necessary 
for 
operation. 


However, unlike most internally compensated 
amplifiers, external frequency compensation may 
be added for optimum performance. For inverting 
applications, feed-forward compensation boosts 
the slew rate to over 150 VIJls and almost double 
the bandwidth. Overcompensation can be used 
with 
the 
amplifier 
for 
greater 
stability 
when 
maximum bandwidth is not needed. Further, a 
single capacitor may be added to reduce the 
settling time for 0.1% error band to under 1 Jls. 


The high speed and fast settling time of these 
operational amplifiers make them useful in AID 
converters, oscillators, active filters, sample-and- 
hold circuits, and general-purpose amplifiers. 


The LM 118 is characterized for operation from 
-55°C 
to 125°C. The LM218 is characterized for 
operation from -25°C 
to 85°C, and the LM318 is 
characterized for operation from O°C to 70°C. 


CL 
:2;o 
C\l 
U 
CL 
:::J 
~ 
U«UOU 
zcozuz 


3 
2 
1 
2019 
4 
18 


5 
17 


6 
16 


7 
15 


8 
14 
9 1011 
12 13 


NC 
Vcc+ 
NC 
OUT 
NC 


UIUi:'U 
zuz~z 
~ 
0 
~« 
co 


NC - No internal connection 


BAUCOMP1 


COMP2 


BAUCOMP3 


~~~~~~~~o~1~ 
si~rfrc~~~~si~~~:~~r~~:: 
l~:~~~~g~m~~:~ 
standard warranty. Production processing does not necessarily include 
testing 
of aU parameters. 
~TEXAS 
INSTRUMENTS 


Copyright 
© 1994. Texas Instruments 
Incorporated 


On products 
compliant 
to Mll-PRF..J8535, 
all parameters 
are tested 
unJess 
otherwIse 
noted. 
On 
all 
other 
products, 
production 
processing 
does 
not necessarily 
Include 
testing 
of all parameters. 


LM118, LM218, LM318 
FAST GENERAL·PURPOSE 
OPERATIONAL AMPLIFIERS 


PACKAGE 


TA 
Vlomax 
SMALL 
OUTLINE 
CHIP CARRIER 
CERAMIC 
DIP 
PLASTIC 
DIP 
AT 25°C 
(D) 
(FK) 
(JG) 
(P) 


DOC to 7DoC 
1DmV 
LM318D 
- 
- 
LM318P 


-25°C 
to 85°C 
4mV 
LM218D 
- 
- 
LM218P 


- 55°C to 125°C 
4mV 
LM118D 
LM118FK 
LM118JG 
LM118P 


~TEXAS 
INSTRUMENTS 


LM118, LM218, LM318 
FAST GENERAL-PURPOSE 
OPERATIONAL AMPLIFIERS 


LMl18 
LM218 
LM318 
UNIT 


Supply voltage, VCC+ (see Note 1) 
20 
20 
20 
V 


Supply voltage, VCC- 
(see Note 1) 
-20 
-20 
-20 
V 


Input voltage, VI (either input, see Notes 1 and 2) 
±15 
±15 
±15 
V 


Differential input current, VID (see Note 3) 
±10 
±10 
±10 
mA 


Duration of output short circuit (see 
Note 4) 
unlimited 
unlimited 
unlimited 


Continuous total power dissipation 
See Dissipation 
Rating Table 


Operating free-air temperature 
range, TA 
-55 
to 125 
-25 
to 85 
o to 70 
°c 


Storage temperature 
range 
-65 
to 150 
-65 
to 150 
-65 
to 50 
°C 


Case temperature 
for 60 seconds 
FK package 
260 
°C 


Lead temperature 
1,6 mm (1/16 inch) from case for 10 seconds 
D or P package 
260 
260 
260 
°C 


Lead temperature 
1,6 mm (1/16 inch) from case for 60 seconds 
JG package 
300 
°C 


NOTES: 
1. 
All voltage values, unless otherwise noted, are with respect to the midpoint between VCC+ and VCC-. 


2. 
The magnitude of the input voltage must never exceed the magnitude of the supply voltage or 15 V, whichever 
is less. 
3. 
The inputs are shunted with two opposite-facing 
base-emitter diodes for overvoltage protection. Therefore, excessive current flows 
if a different input voltage in excess of approximately 
1 V is applied between the inputs unless some limiting resistance is used. 


4. 
The output can be shorted to ground or either power supply. Forthe LM 118 and LM218 only, the unlimited duration of the short circuit 
applies at (or below) 85°C case temperature 
or 75°C free-air temperature. 


PACKAGE 
TA:<;;25°C 
DERATING 
DERATE 
TA=70°C 
TA = 85°C 
TA = 125°C 
POWER RATING 
FACTOR 
ABOVETA 
POWER RATING 
POWER RATING 
POWER RATING 


D 
500 mV 
5.8 mW/oC 
64°C 
464mW 
377mW 
145mW 


FK 
500 mV 
11.0 mW/oC 
105°C 
500mW 
500mW 
275mW 


JG 
500 mV 
8.4mW/oC 
90°C 
500mW 
500mW 
210mW 


P 
500 mV 
8.0 mW/oC 
88°C 
500mW 
500mW 
200mW 


~TEXAS 
INSTRUMENTS 


LM118, LM218, LM318 
FAST GENERAL·PURPOSE 
OPERATIONAL AMPLIFIERS 


TEST 
LM118, LM218 
LM318 
PARAMETER 
CONDITIONSt 
TA* 
UNIT 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


25°C 
2 
4 
4 
10 
VIO 
Input offset voltage 
VO=O 
mV 
Full range 
6 
15 


25°C 
6 
50 
30 
200 
110 
Input offset current 
VO=O 
nA 
Full range 
100 
300 


25°C 
120 
250 
150 
500 
liB 
Input bias current 
VO=O 
nA 
Full range 
500 
750 


VICR 
Common-mode 
input voltage range 
VCC+=±15V 
Full range 
±11.5 
±11.5 
V 


YOM 
Maximum peak output voltage 
VCC±=±15V, 
Full range 
±12 
±13 
±12 
±13 
V 
swing 
RL=2 
kU 


Large-signal 
differential 
VCC±=±15V, 
25°C 
50 
200 
25 
200 
AVD 
VO=±10V, 
V/mV 
voltage amplification 
RL~2 
kU 
Full range 
25 
20 


Bl 
Unity-gain bandwidth 
VCC+=±15V 
25°C 
15 
15 
MHz 


q 
Input resistance 
25°C 
1· 
3 
0.5 
3 
MO 


CMRR 
Common-mode 
rejection ratio 
VIC = VICRmin 
Full range 
80 
100 
70 
100 
dB 


kSVR 
Supply-voltage 
rejection ratio 
Full range 
70 
80 
65 
80 
dB 
(aVCC/aVIO) 


ICC 
Supply current 
VO=O, 
No load 
25°C 
5 
8 
5 
10 
mA 


• On products compliant to MIL-STD-883, 
Class B, this parameter is not production tested. 
t All characteristics 
are measured under open-loop conditions with common-mode 
input voltage unless otherwise specified. 
:j: Full range for LMl18 
is -55°C 
to 125°C, full range for LM218 is -25°C 
to 85°C, and full range for LM318 is O°C to 70°C. 
NOTE 5: 
Unless otherwise noted, VCC = ±5 V to ±20 V. All typical values are at VCC± = ± 15 V and TA = 25°C. 


operating 
characteristics, 
Vcc± 
= ±15 V, TA = 25°C 


PARAMETER 
TEST CONDITIONS 


SR 
Slew rate at unity gain 
aVI = 10 V, 
CL = 100 pF, 
See Figure 1 


• On products compliant to MIL-STD-883, 
Class B, this parameter is not production tested. 


MIN 
TYP 
MAX 


50· 
70 


l 
[ 
100vV 


Input 


~TEXAS 
INSTRUMENTS 


LM124, LM124A, LM224, LM224A 
LM324, LM324A, LM324Y, LM2902, LM2902Q 
QUADRUPLE OPERATIONAL AMPLIFIERS 
SLOS066E- SEPTEMBER1975- REVISED FEBRUARY1997 


• 
Wide Range of Supply Voltages: 
Single Supply ... 
3 V to 30 V 
(LM2902 and LM2902Q 
3 V to 26 V), or Dual Supplies 


• 
Low Supply Current Drain Independent 
of 
Supply Voltage ... 
0.8 mA Typ 


• 
Common-Mode 
Input Voltage Range 
Includes Ground Allowing 
Direct Sensing 
Near Ground 


• 
Low Input Bias and Offset Parameters: 
Input Offset Voltage ... 
3 mV Typ 
A Versions ... 
2 mV Typ 
Input Offset Current 
2 nA Typ 
Input Bias Current 
20 nA Typ 
A Versions ... 
15 nA Typ 


• 
Differential 
Input Voltage Range Equal to 
Maximum-Rated 
Supply Voltage ... 
32 V 
(26 V for LM2902 and LM2902Q) 


• 
Open-Loop 
Differential 
Voltage 
Amplification 
... 
100 V1mVTyp 


• 
Internal Frequency Compensation 


LM124, LM124A ... 
J OR W PACKAGE 
ALL OTHERS ... 
0, DB, N OR PW PACKAGE 
(TOP VIEW) 


lOUT 
1 U 14 
40UT 
l1N- 
2 
13 
41N- 


l1N+ 
3 
12 
41N+ 


Vcc 
4 
11 
GND 
21N+ 
5 
10 
31N+ 
21N- 
6 
9 
31N- 
20UT 
7 
8 
30UT 


LM124, LM124A ... 
FK PACKAGE 
(TOP VIEW) 


I~ 
~ 
I 


@§9~S?~ 


l1N+ 


NC 


Vcc 
NC 
21N+ 


3 
2 
1 
2019 


4 
18 


5 
17 


6 
16 


7 
15 


8 
14 
9 
1011 
1213 


41N+ 
NC 
GND 
NC 
31N+ 


description 


These 
devices 
consist 
of 
four 
independent 
high-gain 
frequency-compensated 
operational 
amplifiers that are designed specifically to operate 
from a single supply over a wide range of voltages. 
Operation from split supplies is also possible 
when the difference between the two supplies is 
3 V to 30 V (for the LM2902 and LM2902Q, 3 V to 
26 V) and VCC is at least 1.5 V more positive than 
the input common-mode voltage. The low supply 
current drain is independent of the magnitude of 
the supply voltage. 


If-Uf- 
I 
z::JZ::Jz 
-0 
0- 
N(\J 
('1')('1') 


IN-=C>- 
OUT 


IN+ 
+ 


Applications include transducer amplifiers, dc amplification blocks, and all the conventional operational 
amplifier circuits that now can be more easily implemented in single-supply-voltage systems. For example, the 
LM124 can be operated directly from the standard 5-V supply that is used in digital systems and easily provides 
the required interface electronics without requiring additional ± 15-V supplies. 


The LM2902Q is manufactured to demanding automotive requirements. 


The LM124 and LM124A are characterized for operation over the full military temperature range of -55°e 
to 
125°e. The LM224 and LM224A are characterized for operation from -25°e 
to 85°e. The LM324 and LM324A 
are characterized for operation from ooe to 70oe. The LM2902 and LM2902Q are characterized for operation 
from -40oe to 125°e. 


PRODUCTION 
DATA 
information is current 8S of publication 
date, 


Products 
conform 
to specifications 
per the terms 
of Texas 
Instruments 


standard 
warranty. 
Production 
processing 
does 
not necessarily 
include 
testing 
of all parameters. 
~TEXAS 
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LM124, LM124A, LM224, LM224A 
LM324, LM324A, LM324Y, LM2902, LM2902Q 
QUADRUPLE OPERATIONAL AMPLIFIERS 
SLOS066E- 
SEPTEMBER 
1975 - REVISED 
FEBRUARY1997 


PACKAGED 
DEVICES 


Vlomax 
VERY 
CHIP 


TA 
SMALL 
SMALL 
CHIP 
CERAMIC 
PLASTIC 
TSSOP 
FLAT 
FORM 
AT 25°C 
OUTLINE 
CARRIER 
DIP 
DIP 
PACK 
(D)t 
OUTLINE 
(FK) 
(J) 
(N) 
(PW)* 
(W) 
(Y) 


(08)* 


O°C to 
7mV 
LM324D 
LM324DBLE 
- 
- 
LM324N 
LM324PWLE 
- 
LM324Y 
70°C 
3mV 
LM324AD 
- 
- 
- 
LM324AN 
LM324APWLE 
- 


-25°C 
to 
5mV 
LM224D 
- 
- 
- 
LM224N 
- 
- 


85°C 
- 
3mV 
LM224AD 
- 
- 
- 
LM224AN 
- 
- 


-40°C 
to 
LM2902D 
- 
- 
LM2902N 
- 


125°C 
7mV 
LM2902DBLE 
LM2902PWLE 
- 
LM2902QD 
- 
- 
LM2902QN 
- 


-55°C 
to 
5mV 
- 
- 
LM124FK 
LM124J 
- 
- 
LM124W 
125°C 
2mV 
- 
- 
- 
LM124AFK 
LM124AJ 
- 
- 


tThe 
D package is available taped and reeled. Add the suffix R to the device type (e.g., LM324DR). 


:j: The DB and PW packages are only available left-end taped and reeled. 


=6-11A 
Current 
Regulator 


= 6-llA 
Current 
Regulator 


= 100-llA 
Current 
Regulator 


=50-11A 
Current 
Regulator 


COMPONENT 
COUNT 
(total device) 


Epi-FET 
1 
Transistors 
95 
Diodes 
4 
Resistors 
11 
Capacitors 
4 
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LM124, LM124A, LM224, LM224A 
LM324, LM324A, LM324Y, LM2902, LM2902Q 
QUADRUPLE OPERATIONAL AMPLIFIERS 
SLOS066E- 
SEPTEMBER 
1975 - REVISED 
FEBRUARY1997 


LM324Y 
chip information 


This chip, when 
properly 
assembled, 
displays 
characteristics 
similar 
to the LM324. 
Thermal 
compression 
or 
ultrasonic 
bonding 
may be used on the doped-aluminum 
bonding 
pads. Chips may be mounted 
with conductive 
epoxy 
or a gold-silicon 
preform. 


~ 
65 
~ 


1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1 


TJmax = 150°C 


TOLERANCES 
ARE ± 10%. 


ALL DIMENSIONS 
ARE IN MILS. 


PIN (11) IS INTERNALLY 
CONNECTED 
TO BACKSIDE 
OF CHIP. 
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lM124, lM124A, lM224, lM224A 
lM324, lM324A, lM324Y, lM2902, lM2902Q 
QUADRUPLE OPERATIONAL AMPLIFIERS 
SLOS066E- 
SEPTEMBER 
1975 - REVISED 
FEBRUARY1997 


LM124, LM124A 
LM2902, 
LM224, LM224A 
LM2902Q 
UNIT 
LM324, LM324A 


Supply voltage, VCC (see Note 1) 
32 
26 
V 


Differential input voltage, VID (see Note 2) 
±32 
±26 
V 


Input voltage, VI (either input) 
-0.3 
to 32 
-0.3to 
26 
V 


Duration of output short circuit (one amplifier) to ground at (or below) TA = 25°C, 
unlimited 
unlimited 
VCC" 
15 V (see Note 3) 


Continuous total dissipation 
See Dissipation 
Rating Table 


LM124, LM124A 
-55 
to 125 


LM224, LM224A 
-25 
to 85 
Operating free-air temperature 
range, TA 
°c 
LM324, LM324A 
o to 70 


LM2902, LM2902Q 
-40 
to 125 


Storage temperature 
range 
-65to 
150 
-65 
to 150 
°c 


Case temperature 
for 60 seconds 
FK package 
260 
°C 


Lead temperature 
1,6 mm (1/16 inch) from case for 60 seconds 
J or W package 
300 
300 
°C 


Lead temperature 
1,6 mm (1/16 inch) from case for 10 seconds 
D, DB, N, or PW package 
260 
260 
°C 
t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions 
beyond those indicated under "recommended 
operating conditions" 
is not 
implied. Exposure to absolute-maximum-rated 
conditions for extended periods may affect device reliability. 
NOTES: 
1. 
All voltage values (except differential voltages and VCC specified for the measurement 
of 10S) are with respect to the network GND. 


2. 
Differential voltages are at IN + with respect to IN -. 


3. 
Short circuits from outputs to VCC can cause excessive heating and eventual destruction. 


PACKAGE 
TA,,25°C 
DERATING 
DERATE 
TA = 70°C 
TA = 85°C 
TA = 125°C 
POWER RATING 
FACTOR 
ABOVETA 
POWER RATING 
POWER RATING 
POWER RATING 


D 
900mW 
7.6mW/oC 
32°C 
611 mW 
497 mW 
N/A 


DB 
775mW 
6.2 mW/oC 
25°C 
496mW 
403mW 
N/A 
FK 
900mW 
11.0 mwrc 
68°C 
878mW 
713mW 
273mW 


J (LM124_) 
900 mW 
11.0 mW/oC 
68°C 
878mW 
713mW 
273mW 


J (all others) 
900mW 
8.2 mW/oC 
40°C 
654mW 
531 mW 
N/A 


N 
900 mW 
9.2 mW/oC 
52°C 
734mW 
596mW 
N/A 


PW 
700mW 
5.6 mW/oC 
25°C 
448mW 
364mW 
N/A 


W 
900mW 
8.0mWrC 
3JOC 
636mW 
516mW 
196mW 
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LM124, LM224 
LM324 
LM2902, LM2902Q 
PARAMETER 
TEST CONOITIONSt 
TA* 
TYP§ 
TYP§ 
TYP§ 
UNIT 
MIN 
MAX 
MIN 
MAX 
MIN 
MAX 


VCC = 5 Vto 
MAX, 
25°C 
3 
5 
3 
7 
3 
7 
VIO 
Input offset voltage 
mV 
VIC = VICRmin, 
VO=1.4V 
Full range 
7 
9 
10 


25°C 
2 
30 
2 
50 
2 
50 
110 
Input offset current 
VO= 
1.4 V 
nA 
Full range 
100 
150 
300 


25°C 
-20 
-150 
-20 
-250 
-20 
-250 
liB 
Input bias current 
VO=1.4V 
nA 
Full range 
-300 
-500 
-500 


Oto 
Oto 
010 
25°C 
VCC- 
VCC- 
VCC-1 


Common·mode 
input 
1.5 
1.5 
.5 
VICR 
voltage range 
VCC = 5 VIa 
MAX 
V 
Oto 
Oto 
Oto 
Full range 
VCC- 
VCC- 
VCC-2 
2 
2 


RL =2 kO 
25°C 
VCC- 
VCC- 
1.5 
1.5 


VOH 
High-level 
output voltage 
RL=10kO 
25°C 
VCC-l 
V 
.5 


VCC=MAX, 
RL = 2 kn 
Full range 
26 
26 
22 


VCC= 
MAX, 
RL~10kO 
Full range 
27 
28 
27 
28 
23 
24 


VOL 
Low-level 
output voltage 
RLS10kO 
Full range 
5 
20 
5 
20 
5 
20 
mV 


Large-signal 
differential 
VCC=15V,VO=1 
Vt011 
V, 
25°C 
50 
100 
25 
100 
100 
AVO 
V/mV 
voltage amplification 
RL=~2kO 
Full range 
25 
15 
15 


CMRR 
Common·mode rejection ratio 
V,C = V'CRmin 
25°C 
70 
80 
65 
80 
50 
80 
dB 


kSVR 
Supply-vollage 
rejection ratio 
25°C 
65 
100 
65 
100 
50 
100 
dB 
(IIVCCilWIO) 


V01/V02 
Crosstalk 
attenuation 
1=1 
kHz to 20 kHz 
25°C 
120 
120 
120 
dB 


VCC=15V, 
VIO= 
1 V, 
25°C 
-20 
-30 
-60 
-20 
-30 
-60 
-20 
-30 
-60 


VO=O 
Full range 
-10 
-10 
-10 
mA 
10 
Output 
current 
VCC=15V, 
VIO=-1 
V, 
25°C 
10 
20 
10 
20 
10 
20 


VO=15V 
Full range 
5 
5 
5 


V\D=-1 
V, 
Vo =200 
mV 
25°C 
12 
30 
12 
30 
30 
I!A 


10S 
Short-circuit 
output current 
VCC at5 
V, 
VO=O 
25°C 
±40 
±60 
±40 
±60 
±40 
±60 
mA 
GNO at-5 
V 


VO=2.5V, 
No load 
Full range 
0.7 
1.2 
0.7 
1.2 
0.7 
1.2 


ICC 
Supply current (four 
amplifiers) 
VCC= 
MAX, 
mA 


VO=0.5VCC, 
No load 
Full range 
1.4 
3 
1.4 
3 
1.4 
3 


t All characteristics 
are 
measured 
under 
open-loop 
conditions 
with 
zero 
common-mode 
input 
voltage 
unless 
otherwise 
specified. 
MAX 
VCC 
for testing 
purposes 
is 26 V for 
LM2902 


and 
LM2902Q, 
30 V for the 
others. 


:j: Full range 
is -55°C 
to 125°C 
for 
LM124, 
-25°C 
to 85°C 
for 
LM224, 
O°C to 70°C 
for 
LM324, 
and 
-40°C 
to 125°C 
for LM2902 
and 
LM2902Q. 
§ All typical 
values 
are at TA = 25°C. 


electrical 
characteristics 
at specified 
free-air temperature, 
VCC = 5 V (unless otherwise 
noted) 


LM124A 
LM224A 
LM324A 
PARAMETER 
TEST CONOITIONst 
TA* 
TYP§ 
TYP§ 
TYP§ 
UNIT 
MIN 
MAX 
MIN 
MAX 
MIN 
MAX 


VCC = 5 V to 30 V, 
25°C 
2 
2 
3 
2 
3 
VIO 
Input offset voltage 
mV 
VIC = VICRmin, 
VO= 
l.4V 
Full range 
4 
4 
5 


25°C 
10 
2 
15 
2 
30 
110 
Input offset current 
VO=1.4V 
nA 
Full range 
30 
30 
75 


25°C 
-50 
-15 
-80 
-15 
-100 


liB 
Input bias current 
VO=1.4V 
nA 
Full range 
-100 
-100 
-200 


25°C 
Oto 
Oto 
Oto 


Common-mode 
input 
VCC-1.5 
VCC-1.5 
VCC-1.5 
V 
VICR 
voltage 
range 
VCC = 30 V 


Full range 
o to 
Oto 
Oto 


VCC-2 
VCC-2 
VCC-2 


RL= 
2 kn 
25°C 
VCC-l.5 
VCC-1.5 
VCC-1.5 


VOH 
High-level 
output voltage 
VCC = 30 V, 
RL = 2 kn 
Full range 
26 
26 
26 
V 


VCC = 30 V, 
RL~10kn 
Full range 
27 
27 
28 
27 
28 


VOL 
Low-level output voltage 
RL~10kn 
Full range 
20 
5 
20 
5 
20 
mV 


AVO 
Large-signal 
differential 
VCC= 
15V, VO= 
1 Vto 
11 V, 
Full range 
25 
25 
15 
VlmV 
voltage amplification 
RL=~2kn 


CMRR 
Common-mode 
rejection 
ratio 
VIC = VICRmin 
25°C 
70 
70 
80 
65 
80 
dB 


kSVR 
Supply-voltage 
rejection ratio 
25°C 
65 
65 
100 
65 
100 
dB 
(tNCCltlVIOl 


V01/V02 
Crosstalk 
attenuation 
f=1 
kHz to 20 kHz 
25°C 
120 
120 
120 
dB 


VCC=15V, 
VID=1 
V, 
25°C 
-20 
-20 
-30 
-60 
-20 
-30 
-60 


VO=O 
Full range 
-10 
-10 
-10 
mA 
10 
Output current 
VCC=15V, 
VID=-1 
V, 
25°C 
10 
10 
20 
10 
20 


Vo = 15 V 
Full range 
5 
5 
5 


VID=-l 
V, 
Vo = 200 mV 
25°C 
12 
12 
30 
12 
30 
vA 


10S 
Short-circuit 
output 
current 
VCC at5 V, 
GND at-5 
V, 


25°C 
±40 
±60 
±40 
±60 
±40 
±60 
mA 
VO=O 


Vo = 2.5 V, 
No load 
Full range 
0.7 
1.2 
0.7 
1.2 
0.7 
1.2 


ICC 
Supply current (four amplifiers) 
VCC = 30 V, 
VO=15V, 
mA 


No load 
Full range 
1.4 
3 
1.4 
3 
1.4 
3 


t All characteristics 
are 
measured 
under 
open-loop 
conditions 
with 
zero 
common-mode 
input 
voltage 
unless 
otherwise 
specified. 
* Full 
range 
is -55°C 
to 125°C 
for 
LM124A, 
-25°C 
to 85°C 
for LM224A, 
and 
O°C to 70°C 
for LM324A. 
§ All typical 
values 
are at TA = 25°C. 


LM124, LM124A, LM224, LM224A 
LM324, LM324A, LM324Y, LM2902, LM2902Q 
QUADRUPLE OPERATIONAL AMPLIFIERS 
SLOS066E- SEPTEMBER1975- REVISEDFEBRUARY1997 


TEST CONDITIONSt 
LM324Y 
PARAMETER 
UNIT 
MIN 
TYP 
MAX 


Via 
Input offset voltage 
3 
7 
mV 


110 
Input offset current 
VCC=5Vto 
MAX, 
VIC = VICRmin, 
VO=1.4V 
2 
50 
nA 


liB 
Input bias current 
-20 
-250 
nA 


VICR 


Common-mode 
input voltage 
VCC =5 Vto MAX 
o to 
V 
range 
VCC-1.5 


VOH 
High-level output voltage 
RL = 10 kQ 
VCC-1.5 
V 


VOL 
Low-level output voltage 
RL,;;10kQ 
5 
20 
mV 


AVD 
Large-signal 
differential 
VCC=15V, 
Va = 1 V to 11 V, 
RL,,2 
kQ 
15 
100 
V/mV 
voltage amplification 


CMRR 
Common-mode 
rejection ratio 
VIC = VICRmin 
65 
80 
dB 


kSVR 
Supply-voltage 
rejection 
ratio 


65 
100 
dB 
(~VCC±/~VIO) 


VCC=15V, 
VID= 
1 V, 
VO=O 
-20 
-30 
-60 


10 
Output current 
VCC=15V, 
VID=-1V, 
Vo = 15 V 
10 
20 
mA 


VID= 
1 V, 
Vo=200mV 
12 
30 


10S 
Short-circuit 
output current 
Vccat5V, 
GNDat-5 
V, 
VO=O 
±40 
±60 
mA 


Vo =2.5 VCC, 
No load 
0.7 
1.2 
ICC 
Supply current (four amplifiers) 
mA 
VCC = MAX, 
Vo =0.5 VCC, 
No load 
1.1 
3 
t All characteristics 
are measured under open-loop conditions with zero common-mode 
input voltage unless otherwise specified. MAX VCC for 
testing purposes is 30 V. 


~TEXAS 
INSTRUMENTS 


LM148, LM248, LM348 
QUADRUPLE OPERATIONAL AMPLIFIERS 


• 
llA741 Operating Characteristics 


• 
Low Supply Current Drain ... 
0.6 mA Typ 
(per amplifier) 


• 
Low Input Offset Voltage 


• 
Low Input Offset Current 


• 
Class AB Output Stage 
• 
Input/Output 
Overload Protection 
• 
Designed to Be Interchangeable 
With 
National LM148, LM248, and LM348 


LM148 
J PACKAGE 
LM248, LM348 
D, N, OR PW PACKAGE 


(TOP VIEW) 


lOUT 
1 U 14 
40UT 


11N- 
2 
13 
41N- 


1 IN+ 
3 
12 
41N+ 


VCC+ 
4 
11 
VCC- 


21N + 
5 
10 
31N+ 


21N- 
6 
9 
31N- 


20UT 
7 
8 
30UT 


description 


The LM148, LM248, and LM348 are quadruple, 
independent. high-gain, internally compensated 
operational amplifiers designed to have operating 
characteristics 
similar 
to 
the 
!!A741. 
These 
amplifiers exhibit low supply current drain, and 
input bias and offset currents that are much less 
than those of the llA741. 


The LM148 is characterized for operation over the 
full military temperature range of -55°e to 125°e, 
the LM248 is characterized for operation from 
-25°e 
to 85°e. and the LM348 is characterized 
for operation from ooe to 70oe. 


LM148 ... 
FK PACKAGE 
(TOP VIEW) 


11N+ 


NC 


VCC+ 


NC 


21N+ 


3 
2 
1 
2019 
4 
18 


5 
17 


6 
16 


7 
15 


8 
14 
9 
1011 
1213 


41N+ 


NC 


VCC- 
NC 


31N+ 


:::=[>- 0"' 


PACKAGE 


TA 
VIOmax 
SMALL 
CHIP 
CERAMIC 
PLASTIC 
TSSOP 
AT 25°C 
OUTLINE 
CARRIER 
DIP 
DIP 
(0) 
(FK) 
(J) 
(N) 
(PW) 


O°C to 70°C 
6mV 
LM348D 
- 
- 
LM348N 
LM348PW 


- 25°C to 85°C 
6mV 
LM248D 
- 
- 
LM248N 
- 


-55°C 
to 125°C 
5mV 
- 
LM148FK 
LM148J 
- 
- 


PRODUCTION 
DATA 
infonnation II current as 
01 publication 
date. 


Products 
conform 
to specifications 
per the terms 
of rexas 
Instruments 


standard 
WllT8nty. Production 
processing 
does not necesurity 
include 


testing 
of all parameters. 
~TEXAS 
INSTRUMENTS 


LM148, LM248, LM348 
QUADRUPLE OPERATIONAL AMPLIFIERS 


LM148 
LM248 
LM348 
UNIT 


Supply voltage, VCC+ (see Note 1) 
22 
18 
18 
V 


Supply voltage, VCC- 
(see Note 1) 
-22 
-18 
-18 
V 


Differential input voltage, VID 
(see Note 2) 
44 
36 
36 
V 


Input voltage, VI (either input, see Notes 1 and 3) 
±22 
±18 
±18 
V 


Duration of output short circuit (see Note 4) 
unlimited 
unlimited 
unlimited 


Continuous 
total power dissipation 
See Dissipation 
Rating Table 


Operating free-air temperature 
range, TA 
-55 
to 125 
-25 
to 85 
o to 70 
°C 


Storage temperature 
range 
-65 
to 150 
-65 
to 150 
-65 
to 150 
°C 


Case temperature 
for 60 seconds 
FK package 
260 
°C 


Lead temperature 
1,6 mm (1/16 inch) from case for 60 seconds 
J package 
300 
°C 


Lead temperature 
1,6 mm (1/16 inch) from case for 10 seconds 
D, N, or PW package 
260 
260 
°C 


NOTES: 
1. 
All voltage values, except differential voltages, are with respectto 
the midpoint between VCC + and VCC-. 
2. 
Differential voltages are at IN+ with respect to IN-. 


3. 
The magnitude 
of the input voltage must never exceed the magnitude 
of the supply voltage or the value specified 
in the table, 


whichever 
is less. 
4. 
The output may be shorted to ground or either power supply. Temperature and/or supply voltages must be limited to ensure that 
the dissipation 
rating is not exceeded. 


PACKAGE 
TA';; 25°C 
DERATING 
DERATE 
TA = 70°C 
TA = 85°C 
TA = 125°C 
POWER RATING 
FACTOR 
ABOVETA 
POWER RATING 
POWER RATING 
POWER RATING 


D 
900mW 
7.6 mW/oC 
32°C 
611 mW 
497mW 
N/A 


FK 
900mW 
11.0 mW/oC 
68°C 
878 mW 
713mW 
273mW 


J 
900 mW 
11.0 mW/oC 
68°C 
878mW 
713mW 
273mW 


N 
900mW 
9.2 mW/oC 
52°C 
734mW 
596mW 
N/A 


PW 
700mW 
5.6 mW/oC 
N/A 
448 mW 
N/A 
N/A 


MIN 
MAX 
UNIT 


Supply voltage, VCC+ 
4 
18 
V 


Supply voltage, VCC- 
-4 
-18 
V 


~TEXAS 
INSTRUMENTS 


LM148 
LM248 
LM348 
PARAMETER 
TEST CONDITIONSt 
UNIT 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


25°C 
1 
5 
1 
6 
1 
6 
VIO 
Input offset voltage 
VO=O 
mV 
Full range 
6 
7.5 
7.5 


25°C 
4 
25 
4 
50 
4 
50 
110 
Input offset current 
VO=O 
nA 
Full range 
75 
125 
100 


25°C 
30 
100 
30 
200 
30 
200 
liB 
Input bias current 
VO=O 
nA 
Full range 
325 
500 
400 


VICR 
Common-mode 
inpu1voltage range 
Full range 
±12 
±12 
±12 
V 


RL=10kO 
25°C 
±12 
±13 
±12 
±13 
±12 
±13 


Maximum peak output voltage 
RL~ 10 kO 
Full range 
±12 
±12 
±12 
YOM 
V 
swing 
RL = 2 kQ 
25°C 
±10 
±12 
±10 
±12 
±10 
±12 


RL~2 
kO 
Full range 
±10 
±10 
±10 


Large-signal differential voltage 
VO=±10V, 
25°C 
50 
160 
25 
160 
25 
160 
AVO 
V/mV 
amplification 
RL=~2 ill 
Full range 
25 
15 
15 


r; 
Input resistance* 
25°C 
0.8 
2.5 
0.8 
2.5 
0.8 
2.5 
MQ 


B1 
Unity-gain bandwidth 
AVO = 1 
25°C 
1 
1 
1 
MHz 


<l>m 
Phase margin 
AVO = 1 
25°C 
60° 
60° 
60° 


VIC = VICRmin, 
25°C 
70 
90 
70 
90 
70 
90 
CMRR 
Common-mode 
rejection ratio 
dB 
VO=O 
Full range 
70 
70 
70 


Supply-voltage 
rejection ratio 
VCC±=±9Vto±15V. 
25°C 
77 
96 
77 
96 
77 
96 
kSVR 
dB 
(tNcc±/AVIO) 
VO=O 
Full range 
77 
77 
77 


10S 
Short-circuit output current 
25°C 
±25 
±25 
±25 
mA 


IVo=O 
2.4 
4.5 
2.4 
4.5 
ICC 
Supply current (four amplifiers) 
No load 
IVO=VOM 
25°C 
mA 
2.4 
3.6 


V01/V02 
Crosstalk attenuation 
f=1Hzt020kHz 
25°C 
120 
120 
120 
dB 
t All characteristics 
are measured 
under open-loop 
conditions 
with zero common-mode 
input voltage 
unless otherwise 
specified. 
Full range for TA is -55°C 
to 125°C for 
LM148. -25°C 
to 85°C for LM248. and O°C to 70°C for LM348. 


* This parameter is not production tested. 
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LM148, LM248, LM348 
QUADRUPLE OPERATIONAL AMPLIFIERS 


operating characteristics, 
VCC±= ±15 V, TA = 25°C 


PARAMETER 
TEST CONDITIONS 
MIN 
TYP 
MAX 


SR 
Slew rate at unity gain 
RL = 2 kil, 
CL = 100 pF, 
See Figure 1 
0.5 


I 
CL=100pF 


AVD=-100 


Figure 2. Inverting Amplifier 


-!/} TEXAS 
INSTRUMENTS 


LM158, LM158A, LM258, LM358 
LM258A, LM358A, LM358Y, LM2904, LM2904Q 
DUAL OPERATIONAL AMPLIFIERS 
SLOS068B 
- JUNE 
1976 - REVISED 
NOVEMBER 
1996 


• 
Wide Range of Supply Voltages: 
Single Supply ... 
3 V to 30 V 
(LM2904 and LM2904Q 
3 V to 26 V) or Dual Supplies 


• 
Low Supply Current Drain Independent 
of 
Supply Voltage ... 
0.7 mA Typ 


• 
Common-Mode 
Input Voltage Range 
Includes Ground Allowing 
Direct Sensing 
Near Ground 


• 
Low Input Bias and Offset Parameters: 
Input Offset Voltage ... 
3 mV Typ 
A Versions ... 
2 mV Typ 
Input Offset Current 
2 nA Typ 
Input Bias Current 
20 nA Typ 
A Versions ... 
15 nA Typ 


• 
Differential 
Input Voltage Range Equal to 
Maximum-Rated 
Supply Voltage ... 
±32 V 
(±26 V for LM2904 and LM2904Q) 


• 
Open-Loop 
Differential 
Voltage 
Amplification 
... 
100 V1mVTyp 


• 
Internal Frequency Compensation 


0, DB, JG, P, OR PW PACKAGE 
(TOP VIEW) 
lOUTQ8 
Vcc 
11N- 
2 
7 
20UT 
11N+ 
3 
6 
21N- 
GND 
4 
5 
21N+ 


LM158, LM158A ..• 
FK PACKAGE 


(TOP VIEW) 
I- 
+ 
:)()()() 
~Oz~z 


NC 


11N- 


NC 
11N+ 
NC 


3 
2 
1 
2019 


4 
18 


5 
17 


6 
16 


7 
15 


8 
14 
9 
1011 
1213 


NC 
20UT 
NC 
21N- 
NC 


()C)()+() 
zzzzz 
Cl 
N 


These 
devices 
consist 
of 
two 
independent, 


high-gain, 
frequency-compensated 
operational 
amplifiers 
that 
were 
designed 
specifically 
to 
operate from a single supply over a wide range of 
voltages. 
Operation from split supply is also 
possible so long as the difference between the two 
supplies is 3 V to 30 V (3 V to 26 V for the LM2904 
and LM2904Q), and VCC is at least 1.5 V more 
positive than the input common-mode voltage. 
The low supply current drain is independent of the 
magnitude of the supply voltage. 


Applications include transducer amplifiers, dc amplification blocks, and all the conventional operational 
amplifier circuits that now can be more easily implemented in single-supply-voltage systems. For example, 
these devices can be operated directly off of the standard 5-V supply that is used in digital systems and will easily 
provide the required interface electronics without requiring additional ±5-V supplies. 


The LM2904Q is manufactured to demanding automotive requirements. 


The LM158 and LM158A are characterized for operation over the full military temperature range of -55°C to 
125°C. The LM258 and LM258A are characterized for operation from -25°C to 85°C, the LM358 and LM358A 
from O°Cto 70°C, and the LM2904 and LM2904Q from -40°C to 125°C. 


IN+~ 


IN - ------v- 


PRODUCTION 
DATA 
InlormaUon 
Is current 
as 
of 
pubticaUon 
date. 


Products 
conform 
to spee:ifleaUons 
per the terms 
01 Texas 
Instruments 
standard 
warranty. 
Production 
processing 
does 
not necessarily 
Include 


testing 
of all parameters. 
~TEXAS 
INSTRUMENTS 


Copyright © 1996, Texas Instruments 
Incorporated 


On products 
compliant 
to MIL·PRF-38S35, 
all parameters 
are tested 
unless 
otherwise 
noted. 
On 
all 
other 
products, 
production 
processing does not necessarily include testing of all parameters. 


LM158, LM158A, LM258, LM358 
LM258A, LM358A, LM358Y, LM2904, LM2904Q 
DUAL OPERATIONAL AMPLIFIERS 
SLOS068B 
- JUNE 
1976 - REVISED 
NOVEMBER 
1996 


PACKAGED 
DEVICES 
VIOmax 
CHIP FORM 
TA 
AT 25°C 
SMAll 
OUTLINE 
SSOP 
CHIP CARRIER 
CERAMIC 
DIP 
PLASTIC 
DIP 
TSSOP 
(Y) 
(D)t 
(08)* 
(FK) 
(JG) 
(P) 
(PW)* 


O°C 
7mV 
LM358D 
LM358DB 
LM358P 
LM358PW 
to 
LM358Y 


70°C 
3mV 
LM358AP 


-25°C 
5mV 
LM258D 
LM258P 
to 
85°C 
3mV 
LM258AP 


-40°C 
to 
7mV 
LM2904D 
LM2904DB 
LM2904P 
LM2904PW 


125°C 
LM2904QD 
- 
LM2904QP 
- 


-55°C 
5mV 
LM158D 
LM158JG 
to 
LM158FK 
LM158P 


125°C 
2mV 
LM158AFK 
LM158AJG 


tThe 
D package is available taped and reeled. Add the suffix R to the device type (e.g., LM358DR). 


:l:The DB and PW packages are only available left-end taped and reeled. Add the suffix LE to the device type (e.g., LM358DBLE). 


=6-~ 
Current 
Regulator 


=6-~A 
Current 
Regulator 


=100-~A 
Current 
Regulator 


=50-~ 
Current 
Regulator 


To Other 
Amplifier 


COMPONENT 
COUNT 


Epi-FET 
1 
Diodes 
2 
Resistors 
7 
Transistors 
51 
Capacitors 
2 


~TEXAS 
INSTRUMENTS 


LM158, LM158A, LM258, LM358 
LM258A, LM358A, LM358Y, LM2904, LM2904Q 
DUAL OPERATIONAL AMPLIFIERS 
SLOS068B-JUNE 
1976 - REVISED 
NOVEMBER 
1996 


These 
chips, when properly 
assembled, 
display 
characteristics 
similar to the LM358. 
Thermal 
compression 
or 
ultrasonic 
bonding 
may be used on the doped-aluminum 
bonding 
pads. Chips may be mounted 
with conductive 
epoxy 
or a gold-silicon 
preform. 


11N+ (3) 


11N- (2) 


(5) 21N+ 


(6) 21N- 


ALL DIMENSIONS 
ARE IN MILS. 


NO BACKSIDE 
METALLIZATION 


PIN (4) IS INTERNALLY 
CONNECTED 
TO 
BACKSIDE 
OF CHIP. 
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LM158, LM158A, LM258, LM358 
LM258A, LM358A, LM358Y, LM2904, LM2904Q 
DUAL OPERATIONAL AMPLIFIERS 
SLOS068B 
- JUNE 
1976 - REVISED 
NOVEMBER 
1996 


LM158, LM158A 
LM2904, 
LM258, LM258A 
LM2904Q 
UNIT 
LM358, LM358A 


Supply voltage VCC (see Note 1) 
32 
26 
V 


Differential input voltage (see Note 2) 
±32 
±26 
V 


Input voltage (either input) 
-0.3 to 32 
-0.3 to 26 
V 


Duration of output short circuit (one amplifier) to ground at (or below) 25°C free-air 
unlimited 
unlimited 
temperature 
(VCC" 
15 V) (see Note 3) 


Continuous total dissipation 
See Dissipation Rating Table 


LM158, LM158A 
-55 
to 125 


LM258, LM258A 
-25 
to 85 
Operating free-air temperature 
range 
°c 
LM358, LM358A 
Ot070 


LM2904, LM2904Q 
-40 
to 125 


Storage tempereture 
range 
-65 
to 150 
-65 
to 150 
°C 


Case temperature 
for 60 seconds 
FK package 
260 
°C 


Lead tempeature 
1,6 mm (1/16 inch) from case for 60 seconds 
JG package 
300 
300 
°C 


Lead tempeature 
1,6 mm (1/16 inch) from case for 10 seconds 
D, DB, P, or PW package 
260 
260 
°C 


NOTES: 
1. 
All voltage values, except differential voltages and VCC specified for measurement 
of lOS, are with respect to the network ground 
terminal. 


2. 
Differential voltages are at IN+ with respect to IN-. 


3. 
Short circuits from outputs to VCC can cause excessive heating and eventual destruction. 


PACKAGE 
TA,,25°C 
DERATING FACTOR 
TA=70°C 
TA = 85°C 
TA = 125°C 
POWER RATING 
ABOVE TA = 25°C 
POWER RATING 
POWER RATING 
POWER RATING 


D 
725mW 
5.8 mW/oC 
464mW 
377mW 
145mW 


DB 
525 mW 
4.2 mW/oC 
336mW 
273mW 
- 
FK 
1375mW 
11.0 mW/oC 
880mW 
715mW 
275mW 


JG 
1050mW 
8.4 mW/oC 
672mW 
546mW 
210mW 


P 
1000mW 
8.0 mW/oC 
640mW 
520mW 
200mW 


PW 
525mW 
4.2 mW/oC 
336mW 
273mW 
- 


~TEXAS 
INSTRUMENTS 


TEST CONDITlONSt 
TA* 
LM158, LM258 
LM358 
LM2904, LM2904Q 
PARAMETER 
TYP!i 
TYP!i 
TYP!i 
UNIT 
MIN 
MAX 
MIN 
MAX 
MIN 
MAX 


VCC = 5 Vto MAX, 
25°C 
3 
5 
3 
7 
3 
7 
VIO 
Input offset voltage 
VIC = V/CRmin, 
mV 
Vo = 1.4 V 
Full range 
7 
9 
10 


CIVIO 
Average temperature coefficient 
Full range 
7 
7 
7 
flV/oC 
of input offset voltage 


25°C 
2 
30 
2 
50 
2 
50 
110 
Input offset current 
VO= 
l.4V 
nA 
Full range 
100 
150 
300 


CIllO 
Average temperature coefficient 
Full range 
10 
10 
10 
pAloC 
of input offset current 


25°C 
-20 
-150 
-20 
-250 
-20 
-250 
liB 
Input bias current 
VO= 
1.4V 
nA 
Full range 
-300 
-500 
-500 


25°C 
Oto 
Oto 
Oto 


VICR 
Common-mode 
VCC=5VtoMAX 
VCC-1.5 
VCC -1.5 
VCC-l.5 
V 
input voltage range 
Oto 
Oto 
Oto 
Full range 
VCC-2 
VCC-2 
VCC-2 


RL;>:2 kfl 
25°C 
VCC-l.5 
VCC-1.5 


RL;>: 10 kfl 
25°C 
VCC-l.5 
VOH 
High-level output voltage 
V 
VCC = MAX, 
RL = 2 kfl 
Full range 
26 
26 
26 


VCC=MAX, 
RL;>: 10 kfl 
Full range 
27 
28 
27 
28 
23 
24 


VOL 
Low-level output voltage 
RL ~ 10 kfl 
Full range 
5 
20 
5 
20 
5 
20 
mV 


Large-signal differential 
VCC=15V, 
25°C 
50 
100 
25 
100 
25 
100 
AVO 
voltage amplification 
VO= 
1 Vto 11 V, 
V/mV 
RL=;>:2kil 
Full range 
25 
15 
15 


CMRR 
Common-mode 
rejection ratio 
VCC = 5 Vto MAX, 
25°C 
70 
80 
65 
80 
50 
80 
dB 
VIC = VICR min 


kSVR 
Supply-voitage 
rejection ratio 
VCC = 5 Vto MAX 
25°C 
65 
100 
65 
100 
65 
100 
dB 
(6VoO/tN/O) 


V011V02 
Crosstalk attenuation 
f=l 
kHz to 20 kHz 
25°C 
120 
120 
120 
dB 


tAli 
characterisctics 
are measured under open-loop conditions with zero common-mode 
input voltage unless otherwise speicifed. 
MAX VCC for testing purposes is 26 V for LM 2904 
and 30 V for others. 
* Full range is -55°C 
to 125°C for LM158, -25°C 
to 85°C for LM258, O°C to 70°C for LM358, and -40°C 
to 125°C for LM2904 and LM2904Q. 


§All typical values are at TA = 25°C. 


TEST CONDITIONSt 
TA* 
LM158, LM258 
LM358 
LM2904, LM2904Q 
PARAMETER 
UNIT 
MIN 
TYP9 
MAX 
MIN 
TYP§ 
MAX 
MIN 
TYP§ 
MAX 


VCC=15V. 
VIO= 1 V, 
25°C 
-20 
-30 
-20 
-30 
-20 
-30 


VO=O 
Full range 
-10 
-10 
-10 
mA 
10 
Output current 
Vee=15V. 
VIO=-1 
V, 
25°C 
10 
20 
10 
20 
10 
20 


Vo = 15 V 
Full range 
5 
5 
5 


VIO=-1V, 
Vo = 200 mV 
25°C 
12 
30 
12 
30 
30 
J.1A 


10S 
Short-circuit output current 
Veeat5V, 
GNOat-5V, 
25°C 
±40 
±60 
±40 
±60 
±40 
±60 
mA 
VO=O 


VO=2.5V, 
No load 
Full range 
0.7 
1.2 
0.7 
1.2 
0.7 
1.2 


Ice 
Supply current (two amplifiers) 
Vce 
= MAX. 
VO=0.5V, 
mA 


No load 
Full range 
1 
2 
1 
2 
1 
2 


tAli 
characterisctics are measured under open-loop conditions with zero common-mode 
input voltage unless otherwise speicifed. 
MAX Vee for testing purposes is 26 V for LM 2904 
and 30 V for others. 


:I: Full range is -55°C 
to 125°C for LM158, -25°C 
to 85°C for LM258, O°C to 70°C for LM358, and -40°C 
to 125°C for LM2904 and LM2904Q. 


§All typical values are at TA = 25°C. 


electrical 
characteristics 
at specified free-air temperature, 
VCC = 5 V (unless otherwise 
noted) 


PARAMETER 
TEST CONDITIONSt 
TA* 
LM158A 
LM258A 
LM358A 


MIN 
TYPS 
MAX 
MIN 
TYPS 
MAX 
MIN 
TYPs 
MAX 
UNIT 


VCC=5Vt030V, 
25°C 
2 
2 
3 
2 
3 
VIO 
Input offset voltage 
VIC = VICRmin, 
mV 
VO=l.4V 
Full range 
4 
4 
5 


aVIO 
Average temperature coefficient 
Full range 
7 
15' 
7 
15 
7 
20 
llV/oC 
of input offset voltage 


25°C 
2 
10 
2 
15 
2 
30 
110 
Input offset current 
VO=l.4V 
nA 
Full range 
30 
30 
75 


aliO 
Average temperature coefficient 
Full range 
10 
200 
10 
200 
10 
300 
pAloC 
of input offset current 


25°C 
-15 
-50 
-15 
-80 
-15 
-100 
liB 
Input bias current 
VO=1.4V 
nA 
Full range 
-100 
-100 
-200 


25°C 
o to 
Oto 
Oto 


VICR 
Common-mode 
VCC = 30V 
VCC-1.5 
VCC-l.5 
VCC-l.5 
V 
input voltage range 
Oto 
Oto 
Oto 
Full range 
VCC-2 
VCC-2 
VCC-2 


RL~2 
kn 
25°C 
VCC-1.5 
VCC-l.5 
VCC-l.5 


VOH 
High-level output voltage 
VCC=30V, 
RL = 2 kQ 
Full range 
26 
26 
26 
V 


VCC=30V, 
RL~10kn 
Full range 
27 
28 
27 
28 
27 
28 


VOL 
Low-level output voltage 
RLS10kQ 
Full range 
5 
20 
5 
20 
5 
20 
mV 


Large-signal differential 
VCC=15V, 
25°C 
50 
100 
50 
100 
25 
100 
V/mV 
AVD 
voltage amplification 
VO= 
1 Vto 
11 V, 
RL = ~2 kQ 
Full range 
25 
25 
15 


CMRR 
Common-mode 
rejection ratio 
25°C 
70 
80 
70 
80 
65 
80 
dB 


kSVR 
Supply-voltage 
rejection ratio 
25°C 
65 
100 
65 
100 
65 
100 
dB 
(t,vDD/t.VIO) 


V011V02 
Crosstalk attenuation 
f = 1 kHz to 20 kHz 
25°C 
120 
120 
120 
dB 


'On products compliant to MIL-PRF-38535, 
this parameter is not production tested. 


t All characteristics 
are measured under open-loop conditions with zero common-mode 
input voltage unless otherwise specified. 
* Full range is -55°C 
to 125°C for LM158A, -25°C 
to 85°C for LM258A, and DoCto 70°C for LM358A. 


§All typical values are at TA = 25°C. 


TEST CONDITIONSt 
TA1= 


LM158A 
LM258A 
LM358A 
PARAMETER 
TYP§ 
TYP§ 
TYP§ 
UNIT 
MIN 
MAX 
MIN 
MAX 
MIN 
MAX 


Vee=15V, 
VID= 
1 V, 
25°C 
-20 
-30 
--€O 
-20 
-30 
--€O 
-20 
-30 
--€O 


Vo=O 
Full range 
-10 
-10 
-10 
mA 
10 
Output current 
Vee=15V, 
VtD =-1 
V, 
25°C 
10 
20 
10 
20 
10 
20 


Va = 15 V 
Full range 
5 
5 
5 


VID=-1 
V, 
Va = 200 mV 
25°C 
12 
30 
12 
30 
30 
/-lA 


10S 
Short-circuit output current 
Veeat5V, 
GNDat-5 
V, 
25°C 
±40 
±60 
±40 
±60 
±40 
±60 
mA 
VO=O 


VO=2.5V, 
No load 
Full range 
0.7 
1.2 
0.7 
1.2 
0.7 
1.2 


Ice 
Supply current (two amplifiers) 
Vee=MAX, 
VO=0.5V, 
mA 


No load 
Full range 
1 
2 
1 
2 
1 
2 


tAli 
characterisctics 
are measured under open-loop conditions with zero common-mode 
input voltage unless otherwise speicifed. 
MAX Vee for testing purposes is 26 V for LM 2904 
and 30 V for others. 


:j: Full range is -55°C 
to 125°C for LM158, -25°C 
to 85°C for LM258, ooe to 70°C for LM358, and -40°C 
to 125°C for LM2904 and LM2904Q. 
§All typical values are at TA = 25°C. 


LM158, LM158A, LM258, LM358 
LM258A, LM358A, LM358Y, LM2904, LM2904Q 
DUAL OPERATIONAL AMPLIFIERS 
SLOS068B 
- JUNE 
1976 - REVISED 
NOVEMBER 
1996 


LM358Y 
PARAMETER 
TEST CONDITIONSt 
UNIT 
MIN 
TYP 
MAX 


VIO 
Input offset voltage 
3 
7 
mV 


110 
Input offset current 
VCC = 5 V to MAX, 
VIC = VICRmin, 
VO=l.4V 
2 
50 
nA 


lIB 
Input bias current 
-20 
-250 
nA 


VICR 
Common-mode 
input voltage 
VCC = 5 V to MAX 
o to 
V 
range 
VCC-1.5 


VOH+ 
High-level output voltage 
RL~ 10 kQ 
VCC-l.5 
V 


AVO 
Large-signal 
differential 
VCC=15V, 
VO=l 
Vto 
11 V, 
RL = ~2 kQ 
15 
100 
V/mV 
voltage amplification 


CMRR 
Common-mode 
rejection ratio 
VIC = VICR min 
65 
80 
dB 


kSVR 
Supply-voltage 
rejection ratio 
65 
100 
dB 
(6VCC±/6VI0) 


VCC=15V, 
VIO= 
1 V, 
VO=O 
-20 
-30 
-60 


10 
Output current 
VCC=15V, 
VIO=-l 
V, 
Vo = 15 V 
10 
20 
mA 


VIO= 
1 V, 
Vo=200mV 
12 
30 


10S 
Short-circuit 
output current 
Vccat5V, 
GNO at-5 
V, 
VO=O 
±40 
±60 
mA 


Vo =2.5 V, 
No load 
0.7 
1.2 
ICC 
Supply current (four amplifiers) 
mA 
VCC = MAX, 
VO=0.5V, 
No load 
1 
2 
t All characteristics 
are measured under open-loop conditions with zero common-mode 
input voltage unless otherwise specified. MAX VCC for 
testing purposes is 30 V. 


~TEXAS 
INSTRUMENTS 


• 
Wide Range of Supply Voltages: 
Single Supply ... 
3 V to 30 V 
or Dual Supplies 


• 
Low Supply-Current 
Drain Independent 
of 
Supply Voltage ... 
1.4 mA Typ 


• 
Common-Mode 
Input Voltage Range 
Includes Ground Allowing 
Direct Sensing 
Near Ground 


• 
Low Input Bias and Offset Parameters: 
Input Offset Voltage 
3 mV Typ 
Input Offset Current 
2 nA Typ 
Input Bias Current 
-20 nA Typ 


• 
Differential 
Input Voltage Range Equal to 
Maximum-Rated 
Supply Voltage ... 
32 V 


• 
Open-Loop 
Differential 
Voltage 
Amplification 
... 
100 VlmV Typ 


• 
Internal Frequency Compensation 


LM324x2 
OCTAL OPERATIONAL AMPLIFIER 


SLOS133A- 
APRIL 
1994 - REVISED 
AUGUST 
1996 


DB PACKAGE 
(TOPVIEW) 


10UT 
CD 
30 
80UT 


11N- 
2 
29 
81N- 


11N+ 
3 
28 
81N+ 


NC 
4 
27 
NC 


21N+ 
5 
26 
71N+ 


21N- 
6 
25 
71N- 


20UT 
7 
24 
70UT 


Vcc+ 
8 
23 
Vcc_/GND 


30UT 
9 
22 
60UT 


31N- 
10 
21 
61N- 


31N+ 
11 
20 
61N+ 


NC 
12 
19 
NC 


41N+ 
13 
18 
51N+ 


41N- 
14 
17 
51N- 


40UT 
15 
16 
50UT 


The 
LM324x2 
device 
consists 
of 
eight 
independent, high-gain frequency-compensated 
operational 
amplifiers 
that 
are 
designed 
specifically to operate from a single supply over a 
wide range of voltages. Operation from split 
supplies is also possible when the difference 
between the two supplies is 3 V to 30 V and VCC 
is at least 1.5 V more positive than the input 
common-mode voltage. The low supply-current 
drain is independent of the magnitude of the 
supply voltage. 


Applications include transducer amplifiers, dc amplification blocks, and all the conventional 
amplifier circuits that now can be more easily implemented in single-supply-voltage systems. 


IN_=V- OUT 


IN+ 
+ 


PACKAGE 


TA 
Vlomax AT 25°C 
SMALL OUTLINE 
(DB)t 


O°cto700e 
7mV 
LM324x2DBLE 


~:~~t~~~~o~~1~ 
a~rfT:a~~~.I~~~:~~~~ 
g:J~:~~~~m~~~~ 
standard 
wamnty. 
Production 
processing 
does 
not necessarily 
Include 


testing 
01 all parameters. 
~TEXAS 
INSTRUMENTS 


LM324x2 
OCTAL OPERATIONAL AMPLIFIER 


=6-11A 
Current 
Regulator 


= 6-llA 
Current 
Regulator 


COMPONENT 
COUNT 
(total device) 


Epi-FET 
2 
Transistors 
190 
Diodes 
8 
Resistors 
22 
Capacitors 
8 


= 10o-llA 
Current 
Regulator 


=So-llA 
Current 
Regulator 


To Other 
Amplifiers 


"!!1 
TEXAS 
INSTRUMENTS 


LM324x2 
OCTAL OPERATIONAL AMPLIFIER 


absolute 
maximum 
ratings over operating 
free-air temperature 
range (unless 
otherwise 
noted)t 


Supply voltage, Vcc (see Note 1) 
32 V 
Differential input voltage, VID (see Note 2) 
±32 V 
Input voltage range, VI (any input) 
-0.3 V to 32 V 
Duration of output short circuit to ground (see Note 3) 
unlimited 
Continuous total power dissipation 
See Dissipation Rating Table 
Operating free-air temperature range, TA 
O°Cto 70°C 
Storage temperature range 
-65°C to 150°C 
t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these conditions beyond those indicated is not implied. Exposure to absolute-maximum-rated 
conditions for 
extended periods may affect device reliability. 


NOTES: 
1. 
All voltage values, except differential voltages and VCC specified for the measurement 
of lOS, are with respect to GND. 
2. 
Differential voltages are at IN + with respect to IN -. 


3. 
Short circuits from outputs to VCC can cause excessive heating and eventual destruction. 


DISSIPATION RATING TABLE 


TA" 25°C 
DERATING FACTOR 
TA = 70°C 
POWER RATING 
ABOVE TA = 25°C 
POWER RATING 


1024 mW 
8.2 mW/"C 
655 mW 


~TEXAS 
INSTRUMENTS 


LM324x2 
OCTAL OPERATIONAL AMPLIFIER 


PARAMETER 
TEST CONDITIONSt 
TA* 
MIN 
TYP§ 
MAX 
UNIT 


VCC=5 
VtoMAX, 
VO=l.4V 
25°C 
3 
7 
VIO 
Input offset voltage 
VIC = VICRmin, 
mV 
Full range 
9 


25°C 
2 
50 
'10 
Input offset current 
VO=l.4V 
nA 
Full range 
150 


25°C 
-20 
-250 
liB 
Input bias current 
Vo = 1.4 V 
nA 
Full range 
-500 


25°C 
Oto 


VICR 
Common-mode 
input 
VCC =5 Vto MAX 
VCC-l.5 
V 
voltage range 
Oto 
Full range 
VCC-2 


RL = 2 kQ 
25°C 
VCC-l.5 


VOH 
High-level output voltage 
VCC = MAX, 
RL = 2 kQ 
Full range 
26 
V 


VCC = MAX, 
RL" 
10 kn 
Full range 
27 
28 


VOL 
Low-level output voltage 
RL" 
10 kn 
Full range 
5 
20 
mV 


Large-signal 
differential 
VCC=15V, 
Vo = 1 V to 11 V, 
25°C 
25 
100 
AVO 
V/mV 
voltage amplification 
RL="2 
kn 
Full range 
15 


CMRR 
Common-mode 
rejection 
VIC = VICRmin 
25°C 
65 
80 
dB 
ratio 


kSVR 
Supply-voltage 
rejection 
25°C 
65 
100 
dB 
ratio (~VCC/~VIO) 


V011V02 
Crosstalk attenuation 
f = 1 kHz to 20 kHz 
25°C 
120 
dB 


VCC=15V, 
VIO= 
1 V, 
25°C 
-20 
-30 
-60 


VO=O 
Full range 
-10 
mA 
10 
Output current 
VCC=15V, 
VIO=-l 
V, 
25°C 
10 
20 


Vo = 15 V 
Full range 
5 


VIO =-1 
V, 
Vo = 200 mV 
25°C 
12 
30 
!J.A 


10S 
Short-circuit 
output current 
VO=O, 
GNO=-5 
V 
25°C 
±40 
±60 
mA 


VO=2.5V, 
No load 
Full range 
1.4 
2.4 


ICC 
Supply current (eight 
VCC = MAX, 
VO=0.5 
VCC, 
mA 
amplifiers) 
No load 
Full range 
2.2 
6 


t All characteristics 
are measured under open-loop conditions with zero common-mode 
input voltage unless otherwise specified. MAX VCC for 
testing purposes is 30 V. 


:j: Full range is O°C to 70°C. 
§ All typical values are at TA = 25°C. 


~TEXAS 
INSTRUMENTS 


LM2900, LM3900 
QUADRUPLE NORTON OPERATIONAL AMPLIFIERS 


• 
Wide 
Range 
of Supply 
Voltages, 
Single 
or 
Dual Supplies 


• 
Wide Bandwidth 


• 
Large Output 
Voltage 
Swing 


• 
Output 
Short-Circuit 
Protection 


• 
Internal 
Frequency 
Compensation 


• 
Low Input Bias Current 


• 
Designed 
to Be Interchangeable 
With 
National 
Semiconductor 
LM2900 
and 
LM3900, 
Respectively 


description 


These devices consist of four independent, high- 
gain frequency-compensated Norton operational 
amplifiers 
that 
were 
designed 
specifically 
to 
operate from a single supply over a wide range of 
voltages. Operation from split supplies is also 
possible. 
The 
low 
supply 
current 
drain 
is 
essentially independent of the magnitude of the 
supply voltage. These devices provide wide band- 
width and large output voltage swing. 


The LM2900 is characterized for operation from 
-40°C to 85°C, and the LM3900 is characterized 
for operation from O°Cto 70°C. 


N PACKAGE 
(TOP VIEW) 


11N+ 
1 V 
14 Vcc 
21N+ 
2 
13 
31N+ 
21N- 
3 
12 
41N+ 
20UT 
4 
11 
41N- 
10UT 
5 
10 
40UT 
11N- 
6 
9 
30UT 
GND 
7 
8 
31N- 


~~~~~t~T~~~o~:l: 
sl~r:r~~I~~si~~~:~~r~~ 
::~~:~'~~~~m~~fi 
standard 
warranty. 
ProductIon 
processIng 
does 
not necessarily 
include 


testing 
of all parameters. 
~TEXAS 
INSTRUMENTS 


LM2900, LM3900 
QUADRUPLE NORTON OPERATIONAL AMPLIFIERS 


LM2900 
LM3900 
UNIT 


Supply voltage, VCC (see Note 1) 
36 
36 
V 


Input current 
20 
20 
mA 


Duration of output short circuit (one amplifier) to ground at (or below) 25°C free-air temperature 
unlimited 
unlimited 
(see Note 2) 


Continuous total dissipation 
See Dissipation 
Rating Table 


Operating free-air temperature 
range 
-40 
to 85 
o to 70 
°c 


Storage temperature 
range 
-65 
to 150 
-65 
to 150 
°c 


Lead temperature 
1,6 mm (1/16 inch) from case for 10 seconds 
260 
260 
°C 


NOTES: 
1. 
All voltage values, except differential voltages, are with respect to the network ground terminal. 


2. 
Short circuits from outputs to VCC can cause excessive heating and eventual destruction. 


TA:5 25°C 
POWER RATING 


DISSIPATION 
RATING TABLE 


DERATING FACTOR 
ABOVE TA = 25°C 


9.2 mWf'C 


TA = 85°C 
POWER RATING 


598mW 


LM2900 
LM3900 
UNIT 
MIN 
MAX 
MIN 
MAX 


Supply voltage, VCC (single supply) 
4.5 
32 
4.5 
32 
V 


Supply voltage, VCC+ (dual supply) 
2.2 
16 
2.2 
16 
V 


Supply voltage, VCC- 
(dual supply) 
-2.2 
-16 
-2.2 
-16 
V 


Input current (see Note 3) 
-1 
-1 
mA 


Operating free-air temperature, 
TA 
-40 
85 
0 
70 
°C 


NOTE 3: 
Clamp transistors 
are included that prevent the input voltages from swinging below ground more than approximately 
-0.3 
V. The 
negative input currents that may result from large signal overdrive with capacitive input coupling must be iimited externally to values 
of approximately 
-1 
mA. Negative input currents in excess of 
-4 
mA causes the output voltage to drop to a low voltage. These 
values apply for anyone 
of the input terminals. 
If more than one of the input terminals are simultaneously 
driven negative, maximum 
currents are reduced. Common-mode 
current biasing can be used to prevent negative input voltages. 


~TEXAS 
INSTRUMENTS 


LM2900, LM3900 
QUADRUPLE NORTON OPERATIONAL AMPLIFIERS 


TEST CONDITIONSt 
LM2900 
LM3900 


PARAMETER 
UNIT 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


ITA = 25°e 
30 
200 
30 
200 
liB 
Input bias current (inverting input) 
11+=0 
ITA = Full range 


nA 


300 
300 


Mirror gain 
11+= 20 IJA to 200 IJA 
0.9 
1.1 
0.9 
1.1 
IJAlIJA 
TA = Full range, 


ehange 
in mirror gain 
See Note 4 
2% 
5% 
2% 
5% 


Mirror current 
VI +=VI_, 
TA = Full range, 
10 
500 
10 
500 
IJA 
See Note 4 


AVD 
Large-signal differential 
VO= 
10V, 
RL = 10 kil, 
1.2 
2.8 
1.2 
2.8 
V/mV 
voltage amplification 
f= 
100 Hz 


q 
Input resistance (inverting input) 
1 
1 
Mil 


ro 
Output resistance 
8 
8 
kn 


B1 
Unity-gain bandwidth (inverting 
2.5 
2.5 
MHz 
input) 


kSVR 
Supply voltage rejection ratio 
70 
70 
dB 
(LWee 
/LWIO) 


RL=2 
kn 
13.5 
13.5 


VOH 
High-level output voltage 
11+= 0, 


Vee=30V, 
V 
11_= 0 
No load 
29.5 
29.5 


VOL 
Low-level output voltage 
11+= 0, 
11_= 
101JA, 
0.09 
0.2 
0.09 
0.2 
V 
RL=2 
kil 


10S 
Short-circuit 
output current 
'1+= 
0, 
11_= 0, 
-6 
-18 
-6 
-10 
mA 
(output internally high) 
VO=O 


Pulldown current 
0.5 
1.3 
0.5 
1.3 
mA 


10L 
Low-level output current:l: 
11- = 51JA 
VOL = 1 V 
5 
5 
mA 


lee 
Supply current (four amplifiers) 
No load 
6.2 
10 
6.2 
10 
mA 
t All characteristics 
are measured under open-loop conditions with zero common-mode 
voltage unless otherwise specified. Full range for TA is 
-40oe 
to 85°e for LM2900 and ooe to 700e for LM3900. 


:l:The output current-sink 
capability can be increased for large-signal conditions by overdriving the inverting input. 


NOTE 4: 
These parameters are measured with the output balanced midway between Vee 
and GND. 


PARAMETER 
TEST CONDITIONS 
MIN 
TYP 
MAX 
UNIT 


SR 
ILow-to-high output 
0.5 
Slew rate at unity gain 
IHigh-to-Iow output 
VO= 
10V, 
eL = 100 pF, 
RL=2kil 
20 


V/~S 


~TEXAS 
INSTRUMENTS 


LM2900, LM3900 
QUADRUPLE NORTON OPERATIONAL AMPLIFIERS 
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t Data at high and low temperatures 
are applicable only within the rated operating free-air temperature 
ranges of the various devices. 
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Norton (or current-differencing) amplifiers can be used in most standard general-purpose operational amplifier 
applications. Performance as a dc amplifier in a single-power-supply 
mode is not as precise as a standard 
integrated-circuit operational amplifier operating from dual supplies. Operation of the amplifier can best be 
understood by noting that input currents are differenced at the inverting input terminal and this current then flows 
through the external feedback resistor to produce the output voltage. Common-mode current biasing is generally 
useful to allow operating with signal levels near (or even below) ground. 


Internal transistors clamp negative input voltages at approximately -0.3 V but the magnitude of current flow has to 
be limited by the external input network. For operation at high temperature, this limit should be approximately 
-1001lA. 


Noise immunity of a Norton amplifier is less than that of standard bipolar amplifiers. Circuit layout is more critical since 
coupling from the output to the noninverting input can cause oscillations. Care must also be exercised when driving 
either input from a low-impedance source. A limiting resistor should be placed in series with the input lead to limit the 
peak input current. Current up to 20 mA will not damage the device, but the current mirror on the noninverting input 
will saturate and cause a loss of mirror gain at higher current levels, especially at high operating temperatures. 
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LT1013, LT1013A,LT1013D, 
LT1013Y 
DUAL PRECISION OPERATIONAL AMPLIFIERS 


• 
Single-Supply 
Operation: 
Input Voltage Range Extends to Ground 
Output Swings to Ground While Sinking 
Current 


• 
Input Offset Voltage 
150llV Max at 25°C for LT1013A 


• 
Offset Voltage Temperature Coefficient 
2.51lVloC Max for LT1013A 


• 
Input Offset Current 
0.8 nA Max at 25°C for LT1013A 


• 
High Gain ... 
1.5 VlIlV Min (RL = 2 kQ), 
0.8 VlIlV Min ( RL = 600 kn) for LT1013A 


• 
Low Supply Current ... 
0.5 mA Max at 
TA = 25°C for LT1013A 


• 
Low Peak-to-Peak Noise Voltage 
0.551lV Typ 
• 
Low Current Noise ... 
0.07 pAl..JHZTyp 


o PACKAGE 
(TOP VIEW) 


1IN+D81IN- 
Vcc- 
2 
7 
lOUT 
21N+ 
3 
6 
Vcc+ 
21N- 
4 
5 
20UT 


FKPACKAGE 
(TOP VIEW) 
t- 
+l 
o::Jooo 
z9z:§?z 


NC 
11N- 


NC 


11N+ 
NC 


3 
2 
1 
2019 
4 
18 


5 
17 


6 
16 


7 
15 


8 
14 
9 1011 
1213 


NC 
20UT 
NC 
21N- 
NC 


description 


The 
LT1013 is a dual 
precIsion operational 
amplifier featuring low offset voltage temperature 
coefficient, high gain, low supply current, and low 
noise. 


0'0+0 
zoz~z 
o 
C\I 
> 
NC - No internal connection 


The LT1013 can be operated from a single 5-V 
power supply; the common-mode input voltage 
range includes ground, and the output can also 
swing 
to 
within 
a few 
millivolts 
of 
ground. 
Crossover distortion is eliminated. The LT1013 
can be operated with both dual ±15-V and single 
5-V supplies. 


The LT1013C and LT1013AC, and LT10130 are characterized for operation from O°Cto 70°C. The LT10131and 
LT1013AI, and LT101301 are characterized for operation from -40°C to 105°C. The LT1013M and LT1013AM, 
and LT10130M are characterized for operation over the full military temperature range of -55°C to 125°C. 


JG OR P PACKAGE 
(TOP VIEW) 
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VCC+ 
11N- 
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20UT 


11N+ 
3 
6 
21N- 
VCC- 
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5 
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=~C:1:-=.I~~,:::,:~~:~~n:: 
standard 
warranty. 
Production 
proceulng 
doel not necesurUy 
Include 


testing of III panlmeten. 
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Copyright 
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Incorporated 


On products 
compliant 
to MIL·PRF-3853S, 
all parameters 
are tested 
unless 
otherwise 
noted. 
On 
all 
other 
products, 
product~ 


processing 
does 
not necessarity 
include 
testing 
of all pal1lmeters. 


LT1013,LT1013A,LT1013D,LT1013Y 
DUAL PRECISION OPERATIONAL AMPLIFIERS 


PACKAGED 
DEVICES 


TA 
Vlomax 
CHIP FORM 
AT 25°C 
SMALL 
OUTLINE 
CHIP CARRIER 
CERAMIC 
DIP 
PLASTIC 
DIP 
(V) 
(D) 
(FK) 
(JG) 
(P) 


150llV 
- 
- 
- 
LT1013ACP 
O°C to lO°C 
300llV 
- 
- 
- 
LT1013CP 
LT1013V 


800llV 
LT1013DD 
- 
- 
LT1013DP 


150llV 
- 
- 
- 
LT1013AIP 
-40°C 
to 105°C 
300llV 
- 
- 
- 
LT10131P 
- 
800llV 
LT1013DID 
- 
- 
LT1013DIP 


150llV 
- 
LT1013AMFK 
- 
LT1013AMP 
-55°C 
to 125°C 
300llV 
- 
LT1013MFK 
LT1013MJG 
LT1013MP 
- 
800llV 
LT1013DMD 
- 
LT1013DMJG 
LT1013DMP 
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LT1013,LT1013A,LT1013D,LT1013Y 
DUAL PRECISION OPERATIONAL AMPLIFIERS 


LT1013Y chip information 


This chip, when properly assembled, displays characteristics similar to the LT1013. Thermal compression or 
ultrasonic bonding may be used on the doped-aluminum bonding pads. Chips may be mounted with conductive 
epoxy or a gold-silicon preform. 


I'll 
96 
~ 


1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1 


IN+ 
(3) 


(2) 


21N+ 
(5) 


(6) 


ALL DIMENSIONS 
ARE IN MILS. 


PIN (4) IS INTERNALLY 
CONNECTED 
TO BACKSIDE 
OF CHIP. 


absolute 
maximum 
ratings over operating 
free-air temperature 
range (unless 
otherwise 
noted) 


Supply voltage, VCC+ (see Note 1) 
22 V 
Supply voltage, Vcc- 
(see Note 1) 
-22 V 
Differential input voltage (see Note 2) 
±30 V 
Input voltage range, VI (any input, see Note 1) 
Vcc- 
-5 V to Vcc+ 
Duration of short-circuit current at (or below) 25°C (see Note 3) 
unlimited 
Operating free-air temperature range, TA: 
LT1013C, LT1013AC, LT1013D 
-0 °C to 70°C 
LT10131,LT1013AI, LT1013DI 
-40°C to 105°C 
LT1013M, LT1013AM, LT1013DM 
-55°C 
to 125°C 
Storage temperature range 
-65°C 
to 150°C 
Lead temperature 1.6 mm (1/16 inch) from case for 10 seconds: D or P package 
260°C 
Case temperature for 60 seconds: FK package 
260°C 
Lead temperature 1.6 mm (1/16 inch) from case for 10 seconds: JG package 
300°C 


NOTES: 
1. 
All voltage values, except differential voltages, are with respect to the midpoint between Vcc + and Vcc_. 


2. 
Differential voltages are atlN+ 
with respect to IN-. 


3. 
The output may be shorted to either supply. 
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TAt 
LT1013C 
LT1013AC 
LT1013DC 
PARAMETER 
TEST CONDITIONS 
TYP* 
TYP* 
TYP* 
UNIT 
MIN 
MAX 
MIN 
MAX 
MIN 
MAX 


25°C 
60 
300 
40 
150 
200 
800 
VIO 
Input offset voltage 
RS =50Q 
Full range 
400 
240 
1000 
~V 


aVIO 
Temperature coefficient of input 
Full range 
0.4 
2.5 
0.3 
2 
0.7 
5 
~V/oC 
offset voltage 


Long-term drift of input offset voltage 
25°C 
0.5 
0.4 
0.5 
~V/mo 


25°C 
0.2 
1.5 
0.15 
0.8 
0.2 
1.5 
110 
Input offset current 
nA 
Full range 
2.8 
1.5 
2.8 


25°C 
-15 
-30 
-12 
-20 
-15 
-30 
liB 
Input bias current 
nA 
Full range 
-38 
-25 
-38 


-15 
-15.3 
-15 
-15.3 
-15 
-15.3 


25°C 
to 
to 
to 
to 
to 
to 
13.5 
13.8 
13.5 
13.8 
13.5 
13.8 
VICR 
Common-mode 
input voltage range 
V 
-15 
-15 
-15 
Full range 
to 
to 
to 
13 
13 
13 


25°C 
±12.5 
±14 
±13 
±14 
±12.5 
±14 
YOM 
Maximum peak output voltage swing 
RL = 2 kQ 
V 
Full range 
±12 
±12.5 
±12 


VO=±10V, 
RL=600Q 
25°C 
0.5 
0.2 
0.8 
2.5 
0.5 
2 


AVD 
Large-signal differential voltage 
25°C 
1.2 
7 
1.5 
8 
1.2 
7 
V/~V 
amplification 
VO=±10V, 
RL = 2 kQ 
Full range 
0.7 
1 
0.7 


VIC = -15 
V to 13.5 V 
25°C 
97 
114 
100 
117 
97 
114 
CMRR 
Common-mode 
rejection ratio 
dB 
VIC =-14.9 
V to 13 V 
Full range 
94 
98 
94 


KSVR 
Supply-voltage 
rejection ratio 
25°C 
100 
117 
103 
120 
100 
117 


(~VCC/~VIO) 
VCC+=±2Vto±18V 
dB 
Full range 
97 
101 
97 


Channel separation 
VO=±10V, 
RL = 2 kQ 
25°C 
120 
137 
123 
140 
120 
137 
dB 


rjd 
Differential input resistance 
25°C 
70 
300 
100 
400 
70 
300 
MQ 


rjc 
Common-mode 
input resistance 
25°C 
4 
5 
4 
GQ 


25°C 
0.35 
0.55 
0.35 
0.5 
0.35 
0.55 
ICC 
Supply current per amplifier 
mA 
Full range 
0.7 
0.55 
0.6 
t Full range is DoCto 70°C. 
j: All typical values are at TA = 25°C. 
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TAt 
LT1013C 
LT1013AC 
LT1013DC 
PARAMETER 
TEST CONDITIONS 
UNIT 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


25°C 
90 
450 
60 
250 
250 
950 
VIO 
Input offset voltage 
RS= 50n 
Full range 
350 
1200 
~V 
570 


25°C 
0.3 
2 
0.2 
1.3 
0.3 
2 
Iro 
Input offset current 
nA 
Full range 
6 
3.5 
6 


25°C 
-18 
-50 
-15 
-35 
-18 
-50 
liB 
Input bias current 
nA 
Full range 
-90 
-55 
-90 


0 
-0.3 
0 
-0.3 
0 
0.3 
25°C 
to 
to 
to 
to 
to 
to 


Common-mode 
input voltage 
3.5 
3.8 
3.5 
3.8 
3.5 
3.8 
VICR 
V 
range 
0 
0 
0 
Full range 
to 
to 
to 
3 
3 
3 


Output low, 
No load 
25°C 
15 
25 
15 
25 
15 
25 


Output low, 
25°C 
5 
10 
5 
10 
5 
10 
mV 
RL = 600 n to GNO 
Full range 
13 
13 
13 


VOM 
Maximum-peak 
output voltage 
Output low, 
Isink= 
1 mA 
25°C 
220 
350 
220 
350 
220 
350 
swing 
Output high, 
No load 
25°C 
4 
4.4 
4 
4.4 
4 
4.4 


Output high, 
25°C 
3.4 
4 
3.4 
4 
3.4 
4 
V 


RL = 600 n to GNO 
Full range 
3.2 
3.3 
3.2 


AVO 
Large-signal differential 
Vo=5mVt04V, 
RL = 500 n 
25°C 
1 
1 
1 
V/~V 
voltage amplification 


25°C 
0.32 
0.5 
0.31 
0.45 
0.32 
0.5 
ICC 
Supply current per amplifier 
mA 
Full range 
0.55 
0.5 
0.55 


PARAMETER 
TEST CONDITIONS 
MIN 
TYP 
MAX 
UNIT 


SR 
Slew rate 
0.2 
0.4 
V/~s 


f= 10 Hz 
24 
nV/;'HZ 
Vn 
Equivalent input noise voltage 
f= 1 kHz 
22 


VN(PP) 
Peak-to-peak equivalent input noise voltage 
f = 0.1 Hz to 10Hz 
0.55 
~V 


In 
Equivalent input noise current 
f= 10 Hz 
0.07 
pAi;'HZ 
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TAt 
LT10131 
LT1013AI 
LT1013DI 
PARAMETER 
TEST CONDITIONS 
TYP* 
TYP* 
TYP* 
UNIT 
MIN 
MAX 
MIN 
MAX 
MIN 
MAX 


25°C 
60 
300 
40 
150 
200 
800 
VIO 
Input offset voltage 
RS=50n 
Full range 
550 
300 
1000 
I!V 


aVIO 
Temperature coefficient of input 
Full range 
0.4 
2.5 
0.3 
2 
0.7 
5 
I!vrc 
offset voltage 


Long-term drift of input offset 
25°C 
0.5 
0.4 
0.5 
I!V/mo 
voltage 


25°C 
0.2 
1.5 
0.15 
0.8 
0.2 
1.5 
110 
Input offset current 
nA 
Full range 
2.8 
1.5 
2.8 


25°C 
-15 
-30 
-12 
-20 
-15 
-30 
liB 
Input bias current 
nA 
Full range 
-38 
-25 
-38 


-15 
-15.3 
-15 
-15.3 
-15 
-15.3 


25°C 
to 
to 
to 
to 
to 
to 
13.5 
13.8 
13.5 
13.8 
13.5 
13.8 
VICR 
Common-mode 
input voltage range 
V 
-15 
-15 
-15 
Full range 
to 
to 
to 
13 
13 
13 


VOM 
Maximum peak output voltage 
25°C 
±12.5 
±14 
±13 
±14 
±12.5 
±14 
RL=2 
kQ 
V 
swing 
Full range 
±12 
±12.5 
±12 


VO=±10V. 
RL=600n 
25°C 
0.5 
0.2 
0.8 
2.5 
0.5 
2 


AVD 
Large-signal differential voltage 
25°C 
1.2 
7 
1.5 
8 
1.2 
7 
V/I!V 
amplification 
VO=±10V. 
RL=2kQ 


Full range 
0.7 
1 
0.7 


CMRR 
Common-mode 
VIC = -15 
V to 13.5 V 
25°C 
97 
114 
100 
117 
97 
114 


rejection ratio 
dB 
VIC = -14.9 
V to 13 V 
Full range 
94 
97 
94 


kSVR 
Supply-voltage 
rejection ratio 
25°C 
100 
117 
103 
120 
100 
117 
VCC± = ±2 V to ±18 V 
dB 
(AVCC/AVIO) 
Full range 
97 
101 
97 


Channel separation 
VO=±10V. 
RL=2 
kQ 
25°C 
120 
137 
123 
140 
120 
137 
dB 


fjd 
Differential input resistance 
25°C 
70 
300 
100 
400 
70 
300 
Mn 


r,c 
Common-mode 
input resistance 
25°C 
4 
5 
4 
Gn 


25°C 
0.35 
0.55 
0.35 
0.5 
0.35 
0.55 
ICC 
Supply current per amplifier 
mA 
Full range 
0.7 
0.55 
0.6 
t Full range is -40°C 
to 105°C. 


tAli 
typical values are at TA = 25°C. 
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TAt 
LT10131 
LT1013AI 
LT1013DI 
PARAMETER 
TEST CONDITIONS 
UNIT 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


25°C 
90 
450 
60 
250 
250 
950 
VIO 
Input offset voltage 
RS=50 
Q 
Full range 
570 
350 
1200 
liV 


25°C 
0.3 
2 
0.2 
1.3 
0.3 
2 
110 
Input offset current 
nA 
Full range 
6 
3.5 
6 


25°C 
-18 
-50 
-15 
-35 
-18 
-50 
liB 
Input bias current 
nA 
Full range 
-90 
-55 
-90 


0 
-0.3 
0 
-0.3 
0 
0.3 
25°C 
to 
to 
to 
to 
to 
to 


Common-mode 
input voltage 
3.5 
3.8 
3.5 
3.8 
3.5 
3.8 
VICR 
V 
range 
0 
0 
0 
Full range 
to 
to 
to 
3 
3 
3 


Output low, 
No load 
25°C 
15 
25 
15 
25 
15 
25 


Output low, 
25°C 
5 
10 
5 
10 
5 
10 
mV 
RL = 600 Q to GND 
Full range 
13 
13 
13 


VOM 
Maximum-peak 
output voltage 
Output low, 
'sink = 1 mA 
25°C 
220 
350 
220 
350 
220 
350 
swing 
Output high, 
No load 
25°C 
4 
4.4 
4 
4.4 
4 
4.4 


Output high, 
25°C 
3.4 
4 
3.4 
4 
3.4 
4 
V 


RL = 600 Q to GND 
Full range 
3.2 
3.3 
3.2 


AVD 
Large-signal differential 
Vo = 5 mV to 4 V, 
RL = 500 Q 
25°C 
1 
1 
1 
V/liV 
voltage amplilication 


25°C 
0.32 
0.5 
0.31 
0.45 
0.32 
0.5 
ICC 
Supply current per amplilier 
mA 
Full range 
0.55 
0.5 
0.55 


PARAMETER 
TEST CONDITIONS 
MIN 
TYP 
MAX 
UNIT 


SR 
Slew rate 
0.2 
0.4 
ViliS 


1= 10 Hz 
24 
nV/-vHz 
Vn 
Equivalent input noise voltage 
1=1 
kHz 
22 


VNIPP) 
Peak-to-peak equivalent input noise voltage 
1=0.1 
Hztol0Hz 
0.55 
liV 


In 
Equivalent input noise current 
1= 10 Hz 
0.07 
pA/-vHz 


(J) 
C~ 
r0 
c: ...•. 
(J)~ 
:J>O 


<Xl 
r ...•. 


OJ 
~~ 
I 
;:: 
~~ 
:J< 


<0 
0 ..... 


<Xl 
-0 
<Xl 
en ...•. 


I 
- 
W 
:D 
O:J> 
m< 
z- 
Ui 
O~ 
m0 
g 
~ ...•. 
mO 
-< 
:JJ •.••. 
0 
~~ 


OJm 
:D 


<0 
O~ 
~ 
Z...•. 
:J>O 
r ...•. 
:J>W 
=:-< 
~c 
:!! 
m 
:JJ 
en 


TAt 
LT1013M 
LT1013AM 
LT1013DM 
PARAMETER 
TEST CONDITIONS 
TYPl 
TYPl 
TYPl 
UNIT 
MIN 
MAX 
MIN 
MAX 
MIN 
MAX 


VIO 
25°C 
60 
300 
40 
150 
200 
800 
Input offset voltage 
RS=500 
Full range 
550 
1000 
!lV 
300 


llVIO 
Temperature coefficient of input offset 
Full range 
0.5 
2.5" 
0.4 
2" 
0.5 
2.5" 
!lV/oC 
voltage 


Long-term drift of input offset voltage 
25°C 
0.5 
0.4 
0.5 
!lV/mo 


25°C 
0.2 
1.5 
0.15 
0.8 
0.2 
1.5 
110 
Input offset current 
nA 
Full range 
5 
2.5 
5 


25°C 
-15 
-30 
-12 
-20 
-15 
-30 
liB 
Input bias current 
nA 
Full range 
-45 
-30 
-45 


-15 
-15.3 
-15 
-15.3 
-15 
-15.3 
25°C 
to 
to 
to 
to 
to 
to 
13.5 
13.8 
13.5 
13.8 
13.5 
13.8 
VICR 
Common-mode 
input voltage range 
V 


-14.9 
-14.9 
-14.9 
Full range 
to 
to 
to 
13 
13 
13 


25°C 
±12.5 
±14 
±13 
±14 
±12.5 
±14 
VOM 
Maximum peak output voltage swing 
RL = 2 kO 
V 
Full range 
±11.5 
±12 
±11.5 


VO=±10V, 
RL=6000 
25°C 
0.5 
2 
0.8 
2.5 
0.5 
2 


AVO 
Large-signal differential voltage 
25°C 
1.2 
7 
1.5 
8 
1.2 
7 
V/!lV 
amplification 
VO=+10V, 
RL = 2 kO 
Full range 
0.25 
0.5 
0.25 


CMRR 
VIC = -15 
V to 13.5 V 
25°C 
97 
117 
100 
117 
97 
114 
Common-mode 
rejection ratio 
dB 
VIC = -14.9 
V to 13 V 
Full range 
94 
97 
94 


kSVR 
Supply-voltage 
rejection ratio 
25°C 
100 
117 
103 
120 
100 
117 


(6VCC/6VI0) 
VCC±=±2Vto±18V 
dB 
Full range 
97 
100 
97 


Channel separation 
VO=±10V, 
RL = 2 kO 
25°C 
120 
137 
123 
140 
120 
137 
dB 


rjd 
Differential input resistance 
25°C 
70 
300 
100 
400 
70 
300 
MO 


rjc 
Common-mode 
input resistance 
25°C 
4 
5 
4 
GO 


ICC 
Supply current per amplifier 
25°C 
0.35 
0.55 
0.35 
0.5 
0.35 
0.55 
mA 
Full range 
0.7 
0.6 
0.7 


" On products compliant to MIL-PRF-38535, 
Class B, this parameter is not production tested. 
t Full range is -55°C 
to 125°C. 


:j: All typical values are at TA = 25°C. 
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TAt 
LT1013M 
LT1013AM 
LT1013DM 
PARAMETER 
TEST CONDITIONS 
UNIT 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


25°C 
90 
450 
60 
250 
250 
950 


VIO 
Input offset voltage 
RS= 500 


Full range 
400 
1500 
250 
900 
800 
2000 
!LV 


RS= 50 0, 
VIC =0.1 V 
125°C 
200 
750 
120 
450 
560 
1200 


25°C 
0.3 
2 
0.2 
1.3 
0.3 
2 


110 
Input offset current 
nA 
Full range 
10 
6 
10 


25°C 
-18 
-50 
-15 
-35 
-18 
-50 


liB 
Input bias current 
nA 
Full range 
-120 
-80 
-120 


0 
-0.3 
0 
-0.3 
0 
-0.3 
25°C 
to 
to 
to 
to 
to 
to 


Common-mode 
input voltage 
3.5 
3.8 
3.5 
3.8 
3.5 
3.8 
VICR 
V 
range 
0 
0 
0 
Full range 
to 
to 
to 
3 
3 
3 


Output low, 
No load 
25°C 
15 
25 
15 
25 
15 
25 


Output low, 
25°C 
5 
10 
5 
10 
5 
10 


RL = 600 0 to GND 
mV 
Full range 
18 
15 
18 


YOM 
Maximum-peak 
output voltage 
Output low, 
Isink = 1 mA 
25°C 
220 
350 
220 
350 
220 
350 
swing 
Output high, 
No load 
25°C 
4 
4.4 
4 
4.4 
4 
4.4 


Output high, 
25°C 
3.4 
4 
3.4 
4 
3.4 
4 
V/!LV 


RL = 600 0 to GND 
Full range 
3.1 
3.2 
3.1 


AVD 
Large-signal differential 
Vo=5mVt04V, 
RL = 500 0 
25°C 
1 
1 
1 
voltage amplification 


25°C 
mA 
0.32 
0.5 
0.31 
0.45 
0.32 
0.5 


ICC 
Supply current per amplifier 
Full range 
0.65 
0.55 
0.65 


PARAMETER 
TEST CONDITIONS 
MIN 
TYP 
MAX 
UNIT 


SR 
Slew rate 
0.2 
0.4 
V/!Ls 


f= 10 Hz 
24 
Vn 
Equivalent input noise voltage 
nV/{Hz 


f = 1 kHz 
22 


VNIPP) 
Peak-to-peak equivalent input noise voltage 
1= 0.1 Hz to 10Hz 
0.55 
!LV 


In 
Equivalent input noise current 
f= 10 Hz 
0.07 
pN{Hz 
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LT1013, LT1013A,LT1013D, 
LT1013Y 
DUAL PRECISION OPERATIONAL AMPLIFIERS 


electrical 
characteristics 
at VCC+= 5 V, VCC- = 0, Vo = 1.4 V, VIC = 0, TA = 25°C (unless otherwise 
noted) 


LT1013Y 


PARAMETER 
TEST CONDITIONS 
UNIT 
MIN 
TYP 
MAX 


VIO 
Input offset voltage 
RS = 50 Q 
250 
950 
!LV 


110 
Input offset current 
0.3 
2 
nA 


liB 
Input bias current 
-18 
-50 
nA 


0 
0.3 


VICR 
Common-mode 
input voltage range 
to 
to 
V 
3.5 
3.8 


Output low, 
No load 
15 
25 


Output low, 
RL = 600 Q to GND 
5 
10 
mV 


YOM 
Maximum peak output voltage swing 
Output low, 
Isink = 1 mA 
220 
350 


Output high, 
No load 
4 
4.4 


V 
Output high, 
RL = 600 Q to GND 
3.4 
4 


AVD 
Large-signal differential voltage amplification 
Vo=5mVt04V, 
RL = 500 Q 
1 
V/!LV 


ICC 
Supply current per amplifier 
0.32 
0.5 
mA 


LT1013Y 


PARAMETER 
TEST CONDITIONS 
UNIT 
MIN 
TYP 
MAX 


VIO 
Input offset voltage 
RS=50Q 
200 
800 
!LV 


Long-term drift of input offset voltage 
0.5 
!LV/mo 


110 
Input offset current 
0.2 
1.5 
nA 


liB 
Input bias current 
-15 
-30 
nA 


-15 
-15.3 


VICR 
Common-mode 
input voltage range 
to 
to 
V 
13.5 
13.8 


YOM 
Maximum peak output voltage swing 
RL=2 
kQ 
±12.5 
±14 
V 


TRL=600 
Q 
0.5 
2 
V/!LV 
AVD 
Large-signal 
differential voltage amplification 
VO=±10V, 
I RL=2 
Q 
1.2 
7 


CMRR 
Common-mode 
rejection ratio 
dB 
VIC = -15 
Vto 
13.5 V 
97 
114 


kSVR 
Supply-voltage 
rejection ratio (tNCC /tNIO) 
VCC±=±2Vto±18V 
100 
117 
dB 


Channel separation 
VO=±10V, 
RL= 2 Q 
120 
137 
dB 


rjd 
Differential input resistance 
70 
300 
MQ 


rjc 
Common-mode 
input resistance 
4 
GQ 


ICC 
Supply current per amplifier 
0.35 
0.55 
mA 


PARAMETER 


LT1013Y 


TEST CONDITIONS 
UNIT 
MIN 
TYP 
MAX 


SR 
Slew rate 
0.2 
0.4 
V/!LS 


Vn 
Equivalent input noise voltage 


f = 10 Hz 
24 


f = 1 kHz 
nV/{Hz 
22 


VNCPPI 
Peak-to-peak 
equivalent input noise voltage 
f=0.1 
Hzt010Hz 
0.55 
IlV 


In 
Equivalent input noise current 
f= 10 Hz 
0.07 
pA/{Hz 


~TEXAS 
INSTRUMENTS 


LT1013,LT1013A,LT1013D,LT1013Y 
DUAL PRECISION OPERATIONAL AMPLIFIERS 


FIGURE 


Via 
Input offset voltage 
vs Source resistance 
1 
vs Temperature 
2 


AVIO 
Change in input offset voltage 
vs Time 
3 


110 
Input offset current 
vs Temperature 
4 


liB 
Input bias current 
vs Temperature 
5 


VIC 
Common-mode 
input voltage 
vs Input bias current 
6 


AVO 
Differential voltage amplification 
vs Load resistance 
7,8 
vs Freq uency 
9.10 


Channel separation 
vs Frequency 
11 


Output saturation voltage 
vs Temperature 
12 


CMRR 
Common-mode 
rejection ratio 
vs Frequency 
13 


kSVR 
Supply voltage rejection ratio 
vs Frequency 
14 


ICC 
Supply current 
vs Temperature 
15 


10S 
Short-circuit output current 
vs Time 
16 


Vn 
Equivalent input noise voltage 
vs Frequency 
17 


In 
Equivalent input noise current 
vs Frequency 
17 


Vn(PPl 
Peak-to-peak 
input noise voltage 
vs Time 
18 


Pulse response 
Small signal 
19,21 
Large signal 
20,22.23 


Phase shift 
vs Frequency 
9 
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INPUT OFFSET VOLTAGE 
OF REPRESENTITIVE 
UNITS 
vs 
FREE-AIR TEMPERATURE 


Vcc± = ±15 V 
-- 
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VCC±=±15V 
TA = 25°C 
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1VCC±I- Supply Voltage - V 


Figure 1 


INPUT OFFSET CURRENT 
vs 
FREE-AIR TEMPERATURE 


VCC±=±2.5V 


I 


VCC+ = 5 V, VCC-=O 


WARM-UP CHANGE 
IN INPUT OFFSET VOLTAGE 
vs 
TIME AFTER POWER·ON 


I 
VCC±=±15V 
TA = 25°C 


JG Package 
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234 


t - Time After Power-On - min 
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INPUT BIAS CURRENT 
vs 
FREE-AIR TEMPERATURE 
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Figure 5 


DIFFERENTIAL 
VOLTAGE AMPLIFICATION 
vs 
LOAD RESISTANCE 
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COMMON-MODE 
INPUT VOLTAGE 
vs 
INPUT BIAS CURRENT 
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RL - Load Resistance - n 


Figure 7 
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Figure 6 
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VOLTAGE AMPLIFICATION 
vs 
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DIFFERENTIAL 
VOLTAGE AMPLIFICATION 
AND PHASE SHIFT 
vs 
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CHANNEL SEPARATION 
vs 
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Figure 11 


DIFFERENTIAL 
VOLTAGE AMPLIFICATION 
vs 
FREQUENCY 
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SUPPLY CURRENT 
vs 
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Figure 20 
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single-supply operation 


The LT1 013 is fully specified 
for single-supply 
operation 
(Vcc- = 0). The common-mode 
input voltage 
range 
includes 
ground, 
and the output 
swings 
to within 
a few millivolts 
of ground. 


Furthermore, 
the LT1 013 has specific 
circuitry 
that addresses 
the difficulties 
of single-supply 
operation, 
both 


at the input and at the output. 
At the input, the driving 
signal 
can fall below 
0 V, either 
inadvertently 
or on a 


transient 
basis. If the input is more than a few hundred 
millivolts 
below ground, 
the LT1013 
is designed 
to deal 
with the following 
two problems 
that can occur: 


1. 
On many other operational 
amplifiers, 
when the input is more than a diode drop below ground, 
unlimited 
current 
will flow from the substrate 
(VCC- 
terminal) 
to the input, which 
can destroy 
the unit. On the 
LT1 013, the 400-0 
resistors 
in series with the input (see schematic) 
protect 
the device 
even when the 
input is 5 V below ground. 


2. 
When 
the input 
is more than 400 mV below 
ground 
(at TA = 25°C), 
the input stage 
of similar 
type 
operational 
amplifiers 
saturates 
and phase 
reversal 
occurs 
at the output. 
This can cause 
lock up in 
servo systems. 
Because 
of a unique phase-reversal 
protection 
circuitry (021 ,022, 027, and 028), the 
LT1013 outputs 
do not reverse, 
even when the inputs are at -1.5 
V (see Figure 24). 


This phase-reversal 
protection 
circuitry 
does not function 
when the other operational 
amplifier 
on the LT1013 


is driven 
hard into negative 
saturation 
at the output. 
Phase-reversal 
protection 
does not work on amplifier 
1 
when 2's output 
is in negative 
saturation 
or on amplifier 
2 when 
1's output 
is in negative 
saturation. 


At the output, 
other single-supply 
designs 
either cannot 
swing to within 600 mV of ground 
or cannot 
sink more 
than a few microproamperes 
while swinging 
to ground. 
The all-NPN 
output 
stage of the LT1 013 maintains 
its 
low output 
resistance 
and high gain characteristics 
until the output 
is saturated. 
In dual-supply 
operations, 
the 
output 
stage 
is free of crossover 
distortion. 
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Figure 24. Voltage-Follower 
Response With Input Exceeding 
the Negative Common-Mode 
Input Voltage Range 
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comparator applications 


The single-supply 
operation 
of the LT1 013 lends itself for use as a precision 
comparator 
with TTL-compatible 
output. 
In systems 
using both operational 
amplifiers 
and comparators, 
the LT1 013 can perform 
multiple 
duties. 


Refer to Figures 
25 and 26. 
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Figure 25. Low-to-High-Level Output 
Response for Various Input Overdrives 
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Figure 26. High-to-Low-Level Output 
Response for Various Input Overdrives 


low-supply operation 


The minimum 
supply voltage for proper operation 
of the LT1 013 is 3.4 V (three Ni-Cad batteries). 
Typical supply 
current 
at this voltage 
is 290 ~A; therefore, 
power dissipation 
is only 1 mW per amplifier. 


offset voltage and noise testing 


The test circuit 
for measuring 
input offset voltage 
and its temperature 
coefficient 
is shown 
in Figure 
30. This 
circuit with supply 
voltages 
increased 
to ±20 V is also used as the burn-in 
configuration. 


The peak-to-peak 
equivalent 
input noise voltage 
of the LT1013 
is measured 
using the test circuit 
shown 
in 
Figure 27. The frequency 
response 
of the noise tester 
indicates 
that the 0.1-Hz 
corner 
is defined 
by only one 
zero. The test time to measure 
0.1-Hz to 10-Hz noise should 
not exceed 
10 seconds, 
as this time limit acts as 
an additional 
zero to eliminate 
noise contribution 
from the frequency 
band below 0.1 Hz. 


An input noise voltage test is recommended 
when measuring 
the noise of a large number 
of units. A 1O-Hz input 
noise voltage 
measurement 
correlates 
well with a 0.1-Hz peak-to-peak 
noise reading 
because 
both results are 
determined 
by the white noise and the location 
of the 1/f corner 
frequency. 


Current 
noise is measured 
by the circuit and formula 
shown 
in Figure 28. The noise of the source 
resistors 
is 
subtracted. 
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Oscilloscope 
Rin= 1 MQ 


NOTE A: 
All capacitor values are for non polarized capacitors 
only. 


Figure 27. O.1-Hz to 10-Hz 
Peak-to-Peak 
Noise Test Circuit 


[V 
- 
(820 nV)2J1/2 
no2 
40 MQ100 


SOkQ 
(see NoleA) 


Figure 28. Noise-Current 
Test Circuit 
and Formula 
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4kQt 


10 knt 
1 kn 
4-mA 


4.3kQ 
Trim 


5V 


LT1004 
1.2 V 


-=- 


10 kQt 
20-mA Trim 


4-mA to 20-mA 
To Load 
2.2 kQ MAX 


t 1% film resistor. Match 10-kQ resistors 0.05%. 
:l:T1 = PICO-31080 


Figure 30. 5-V 4-mA - 20-mA Current Loop Transmitter With 12-Bit Accuracy 
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4-mA to 20-mA 
Fully Floating 


2kQ 
4-mA 
Trim 


1 kQ 
20-mA 
Trim 


Figure 31. Fully Floating Modification to 4-mA - 20-mA Current Loop 
Transmitter With 8-Bit Accuracy 


1/2 LTC1043 
6 
5 
IN+ 


1/2 LTC1043 
7 
8 
IN+ 


NOTE A: 
Via = 150 ~V, AVD = (R1/R2) + 1, CMRR = 120 dB, VICR = 0 to 5 V 


Figure 32. 5-V Single-Supply Dual Instrumentation Amplifier 
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200knt 
To Input 
Cable Shields 


10knt 


10knt 


10kn 


OUT 


10kn 
-=- 
7 


10knt 
10knt 


5V 
-=- 


t 1% film resistor. Match 10-kn 
resistors 0.05%. 


:l: For high source impedances, 
use 2N2222 as diodes. 


NOTE A: 
AVO = (400,OOO/RG) + 1 


Figure 33. 5-V Precision Instrumentation Amplifier 


"!!1 
TEXAS 
INSTRUMENTS 


MC1458, MC1558 
DUAL GENERAL-PURPOSE 
OPERATIONAL AMPLIFIERS 


• 
Short-Circuit 
Protection 


• 
Wide Common-Mode 
and Differential 
Voltage Ranges 


• 
No Frequency Compensation 
Required 


• 
Low Power Consumption 


• 
No Latch-Up 
• 
Designed to Be Interchangeable 
With 
Motorola MC15581MC1458 and Signetics 
S5558/N5558 


MC1458 
0 OR P PACKAGE 
MC1558 
JG PACKAGE 


(TOP VIEW) 


10UT[]8 
VCC+ 
11N - 
2 
7 
20UT 


11N+ 
3 
6 
21N- 


VCC- 
4 
5 
21N+ 


MC1558 •.. 
U PACKAGE 


(TOP VIEW) 


description 


The 
MC1458 
and MC1558 
are dual general- 


purpose operational 
amplifiers with each half 
electrically similar to the ~A741 except that offset 
null capability is not provided. 


The high-common-mode input voltage range and 
the absence of latch-up make these amplifiers 
ideal 
for 
voltage-follower 
applications. 
The 
devices 
are 
short-circuit 
protected 
and 
the 
internal frequency compensation ensures stability 
without external components. 


The MC1458 
is characterized for operation from 
DOC to 7DoC. The MC1558 
is characterized for 
operation over the full military temperature range 
of -55°C 
to 125°C. 
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PACKAGE 


TA 
Vlomax 
SMALL 
CHIP 
CERAMIC 
PLASTIC 
CERAMIC 
AT 25°C 
OUTLINE 
CARRIER 
DIP 
DIP 
FLAT PACK 
(D) 
(FK) 
(JG) 
(P) 
(U) 


O°C to 70°C 
6mV 
MC1458CD 
- 
- 
MC1458CP 
- 


-55°C 
to 125°C 
5mV 
- 
MC1558MFK 
MC1558MSG 
- 
MC1558MU 


;~~~~~~::~1: 
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MC1458, MC1558 
DUAL GENERAL·PURPOSE 
OPERATIONAL AMPLIFIERS 


MC1458 
MC1558 
UNIT 


Supply voltage VCC + (see Note 1) 
18 
22 
V 


Supply voltage VCC - (see Note 1) 
-18 
-22 
V 


Differential input voltage 
(see Note 2) 
±30 
±30 
V 


Input voltage at either input (see Notes 1 and 3) 
±15 
±15 
V 


Duration of output short circuit (see Note 4) 
unlimited 
unlimited 


Continuous total dissipation 
See Dissipation Rating Table 


Operating free-air temperature 
range 
Ot070 
-55 
to 125 
°C 


Storage temperature 
range 
65 to 150 
-65 
to 150 
°C 


Case temperature 
for 60 seconds: 
FK package 
260 
°C 


Lead temperature 
1,6 mm (1/16 inch) from case for 60 seconds 
IJG or U package 
300 
°C 


Lead temperature 
1,6 mm (1/16 inch) from case for 10 seconds 
I D or P package 
260 
°C 


NOTES: 
1. 
Ail voltage vaiues, unless otherwise noted, are with respect to the midpoint between VCC + and VCC-. 
2. 
Differential voltages are at IN+ with respect to IN-. 
3. 
The magnitude of the input voltage must never exceed the magnitude of the supply voltage or 15 V, whichever 
is less. 


4. 
The output can be shorted to ground or either power supply. For the MC 1558 only, the unlimited duration of the short circuit applies 
at (or below) 125°C case temperature 
or 70°C free-air temperature. 


DISSIPATION RATING TABLE 


DERATING 
DERATE 
FACTOR 
ABOVE TA 


680mW 
680mW 
680mW 
680mW 
675mW 


5.8mW/oC 
11.0mWrC 
8.4 mW/oC 
8.0 mW/oC 
5.4 mW/oC 


33°C 
88°C 
6goC 


65°C 
25°C 


TA = 70°C 
TA = 125°C 
POWER RATING 
POWER RATING 


464mW 
880mW 
672mW 


640mW 
432mW 
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MC1458 
MC1558 
PARAMETER 
TEST CONDITIONSt 
UNIT 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


25°C 
1 
6 
1 
5 
VIO 
Input offset voltage 
VO=O 
mV 
Full range 
7.5 
6 


25°C 
20 
200 
20 
200 
110 
Input offset current 
VO=O 
nA 
Full range 
300 
500 


25°C 
80 
500 
80 
500 
liB 
Input bias current 
VO=O 
nA 
Full range 
800 
1500 


Common-mode 
input 
25°C 
±12 
±13 
±12 
±13 
VICR 
V 
voltage range 
Full range 
±12 
±12 


RL = 10 kQ 
25°C 
±12 
±14 
±12 
±14 


Maximum peak output 
RL 210 
kQ 
Full range 
±12 
±12 
YOM 
V 
voltage swing 
RL = 2 kQ 
25°C 
±10 
±13 
±10 
±13 


RL22 
kQ 
Full range 
±10 
±10 


Large-signal 
differential 
RL22 
kQ, 
25°C 
20 
200 
50 
200 
AVO 
V/mV 
voltage amplification 
Vo = ±10 V 
Full range 
15 
25 


RL=2 
kQ, 


BOM 
Maximum-output-swing 
V02±10V, 
25°C 
14 
14 
kHz 
bandwidth (closed loop) 
AVO = 1, 
TH025% 


B1 
Unity-gain bandwidth 
25°C 
1 
1 
MHz 


<l>m 
Phase margin 
AVO = 1 
25°C 
65 
65 
°c 


Gain margin 
25°C 
11 
11 
dB 


q 
Input resistance 
25°C 
0.3' 
2 
0.3' 
2 
MQ 


ro 
Output resistance 
VO=O, 
See Note 5 
25°C 
75 
75 
Q 


Ci 
Input capacitance 
25°C 
1.4 
1.4 
pF 


zic 
Common-mode 
input 
f = 20 Hz 
25°C 
200 
200 
MQ 
impedance 


Common-mode 
rejection 
VIC = VICR min, 
25°C 
70 
90 
70 
90 
CMRR 
dB 
ratio 
VO=O 
Full range 
70 
70 


Supply voltage sensitivity 
VCC =± 9 V to±15 
V, 
25°C 
30 
150 
30 
150 
kSVS 
(f).VloIl'Ncc) 
VO=O 
Full range 
150 
150 
JiVN 


Vn 
Equivalent input noise 
AVO = 100, 
RS=O, 
25°C 
45 
45 
nV/{Hz 
voltage (closed loop) 
f = 1 kHz, 
BW= 
1 Hz 


'This parameter is not production tested. 
t All characteristics 
are specified under open-loop operating conditions with zero common-mode 
input voltage unless otherwise specified. 
Full 
range for MC1458 is O°C to 70°C and for MC1558 is -55°C 
to 125°C. 


NOTE 5: 
This typical value applies only at frequencies 
above a few hundred hertz because of the effect of drift and thermal feedback. 
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MC1458 
MC1558 
PARAMETER 
TEST CONDITIONSt 
UNIT 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


10S 
Short-circuit 
output current 
25°C 
±25 
±40 
±25 
±40 
mA 


25°C 
3.4 
5.6 
3.4 
5 
ICC 
Supply current (both amplifiers) 
VO=O, 
No load 
mA 
Full range 
6.6 
6.6 


Total power dissipation 
25°C 
100 
170 
100 
150 
PD 
VO=O, 
No load 
mW 
(both amplifiers) 
Full range 
200 
200 


V01N02 
Crosstalk attenuation 
25°C 
120 
120 
dB 
t All characteristics 
are specified under open-loop operating conditions with zero common-mode 
input voltage unless otherwise specified. 
Full range for MC1458 is O°C to 70°C and for MC1558 is -55°C 
to 125°C. 


MC1458 
MC1558 
PARAMETER 
TEST CONDITIONS 
UNIT 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


tr 
Rise time 
VI =20 mY, 
RL = 2 kQ, 
0.3 
0.3 
Ils 


Overshoot factor 
CL = 100 pF, 
See Figure 1 
5% 
5% 


SR 
Slew rate at unity gain 
VI= 
10V, 
RL = 2 kQ, 
0.5 
0.5 
V/IlS 
CL = 100 pF, 
See Figure 1 


I 


VI 


~---ov 
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QUADRUPLE LOW-POWER OPERATIONAL AMPLIFIERS 


• 
Wide Range 
of Supply 
Voltages 
Single 
Supply 
... 
3 V to 36 V or Dual Supplies 


• 
Class AB Output 
Stage 


• 
True Differential 
Input Stage 


• 
Low Input Bias Current 


• 
Internal 
Frequency 
Compensation 


• 
Short-Circuit 
Protection 


• 
Designed 
to Be Interchangeable 
With 
Motorola 
MC3303, 
MC3403 


o OR N PACKAGE 


(TOP VIEW) 


lOUT 
1 V 
14 
40UT 


11N- 
2 
13 
41N- 


11N+ 
3 
12 
41N+ 


VCC+ 
4 
11 
VCC- 
21N+ 
5 
10 
31N+ 


21N- 
6 
9 
31N- 


20UT 
7 
8 
30UT 


description 


The MC3303 
and the MC3403 
are quadruple 
operational 
amplifiers 
similar in performance 
to the f.IA741 but with 
several 
distinct 
advantages. 
They are designed 
to operate 
from a single supply 
over a range of voltages 
from 
3 V to 36 V. Operation 
from split supplies 
is also possible 
provided 
the difference 
between 
the two supplies 
is 
3 V to 36 V. The common-mode 
input range 
includes 
the negative 
supply. 
Output 
range 
is from the negative 
supply 
to Vcc - 1.5 V. Quiescent 
supply 
currents 
are less than one-half 
those of the f.IA741. 


The MC3303 
is characterized 
for operation 
from -40°C 
to 85°C, and the MC3403 
is characterized 
for operation 
from O°C to 70°C. 
b>- OUT 
----- 


PACKAGE 


TA 
VIOmax 
SMAll 
OUTLINE 
PLASTIC DIP 
AT 25°C 
(D) 
(N) 


O°Cto 70°C 
10mV 
MC3403D 
MC3403N 


-40°C to 85°C 
8mV 
MC3303D 
MC3303N 


The D packages are available taped and reeled. Add R suffix to the device type 
(e.g.• MC3403DR). 


PRODUCTION 
DATA 
infonnetion I. CUrmlt 
u 
of publication 
date. 


Products 
eonfonn 
to lpectflcationl 
per the terms 
of Texa. 
Instruments 


standard warranty. Produc:tlon processing does not necessarily Include 
testing 
of all parameters. 
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MC3303, MC3403 
QUADRUPLE LOW-POWER OPERATIONAL AMPLIFIERS 


} 
ToThree 
Other 
Amplifiers 


MC3303 
MC3403 
UNIT 


Supply voltage VCC+ (see Note 1) 
18 
18 
V 


Supply voltage VCC- 
(see Note 1) 
-18 
-18 
V 


Supply voltage VCC+ with respect to VCC- 
36 
36 
V 


Differential input voltage (see Note 2) 
±36 
±36 
V 


Input voltage (see Notes 1 and 3) 
±18 
±18 
V 


Continuous total power dissipation 
See Dissipation 
Rating Table 


Operating free-air temperature 
range 
-40t085 
Oto 70 
°c 


Storage temperature 
range 
-65to 
150 
-65to 
150 
°C 


Lead temperature 
1,6 mm (1/16 inch) from case for 10 seconds 
260 
260 
°c 


NOTES: 
1. 
These voltage values are with respect to the midpoint between VCC + and VCC _ . 


2. 
Differential voltages are atlN+ 
with respect to IN-. 


3. 
Neither input must ever be more positive then VCC+ or more negative than VCC- 
. 


DISSIPATION RATING TABLE 


TA S 25°C 
DERATING FACTOR 
TA = 70°C 
TA = 85°C 
POWER RATING 
ABOVE TA = 25°C 
POWER RATING 
POWER RATING 


950 mW 
7.6 mW/oC 
608 mW 
494 mW 
1150 mW 
9.2 mW/oC 
736 mW 
598 mW 


~TEXAS 
INSTRUMENTS 


MC3303, MC3403 
QUADRUPLE 
LOW-POWER OPERATIONAL AMPLIFIERS 


MIN 
MAX 
UNIT 


Single-supply 
voltage, VCC 
5 
30 
V 


Dual-supply 
voltage, VCC + 
2.5 
15 
V 


Dual-supply voltage, VCC- 
-2.5 
-15 
V 


electrical 
characteristics 
at specified 
free-air temperature, 
VCC+ = 14 V, Vcc- 
= 0 V for MC3303, 
VCC± = ±15 V for MC3403 
(unless otherwise 
noted) 


MC3303 
MC3403 
PARAMETER 
TEST CONDITIONSt 
UNIT 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


25°C 
2 
6 
2 
10 
Via 
Input offset voltage 
See Note 4 
mV 
Full range 
10 
12 


aVIO 
Temperature coefficient of 
See Note 4 
Full range 
10 
10 
IlVloC 
input offset voltage 


25°C 
30 
75 
30 
50 
110 
Input offset current 
See Note 4 
nA 
Full range 
250 
200 


alia 
Temperture coefficient of 
See Note 4 
Full range 
50 
50 
pAiC 
input offset current 


25°C 
-0.2 
-0.5 
-0.2 
-0.5 
liB 
Input bias current 
See Note 4 
JlA 
Full range 
-1 
-0.6 


VICR 
Common-mode 
input 
25°C 
VCC- 
VCC- 
VCC- 
VCC- 
V 
voltage range:l: 
to 12 
to 12.5 
to 13 
to 13.5 


RL= 10kn 
25°C 
12 
12.5 
±12 
±13.5 


YOM 
Peak output voltage swing 
RL=2 
kn 
25°C 
10 
12 
±10 
±13 
V 


RL=2 
kn 
Full range 
10 
±10 


Large-signal differential 
VO=±10V, 
25°C 
20 
200 
20 
200 
AVO 
VlmV 
voltage amplification 
RL=2 
kQ 
Full range 
15 
15 


VOpp=20V, 


BOM 
Maximum-output-swing 
AVO = 1, 
25°C 
9 
9 
kHz 
bandwidth 
THDS5%, 
RL=2 
kn 


B1 
Unity-gain bandwidth 
VO=50 
mV, 
25°C 
1 
1 
MHz 
RL= 
10kn 


<l>m 
Phase margin 
CL = 200 pF, 
25°C 
60° 
60° 
RL=2 
kn 


r; 
Input resistance 
f= 20 Hz 
25°C 
0.3 
1 
0.3 
1 
MQ 


ro 
Output resistance 
f= 20 Hz 
25°C 
75 
75 
Q 


CMRR 
Common-mode 
rejection ratio 
VIC = VICRmin 
25°C 
70 
90 
70 
90 
dB 


kSVS 
Supply voltage sensitivity 
VCC± =±2.5 
to ±15 V 
25°C 
30 
150 
30 
150 
IlVN 
(AVIO/AVCC) 


10S 
Short-circuit output current§ 
25°C 
±10 
±30 
±45 
±10 
±30 
±45 
mA 


ICC 
Total supply current 
No load, 
25°C 
2.6 
7 
2.6 
7 
mA 
See Note 4 
t All characteristics 
are measured under open-loop conditions with zero common-mode 
voltage unless otherwise specified. Full range for TA is 


-40°C 
to 85°C for MC3303, and O°C to 70°C for MC3403. 


:I: The VICR limits are directly linked volt-for-volt to supply voltage; the positive limit is 2 V less than VCC +. 
§ Temperature and/or supply voltages must be limited to ensure that the dissipation rating is not exceeded. 
NOTE 4: 
Via, 
110,liB, and ICC are defined at Va = 0 for MC3403 and Va = 7 V for MC3303. 


~TEXAS 
INSTRUMENTS 


MC3303, MC3403 
QUADRUPLE 
LOW·POWER 
OPERATIONAL 
AMPLIFIERS 


TEST CONDITIONSt 
MC3303 
MC3403 
PARAMETER 
UNIT 
MIN 
TVP 
MAX 
MIN 
TVP 
MAX 


VIO 
Input offset voltage 
VO=2.5V 
10 
2 
10 
mV 


110 
Input offset current 
VO=2.5V 
75 
30 
50 
nA 


liB 
Input bias current 
VO=2.5V 
-0.5 
-0.2 
-0.5 
pA 


Rl=10kQ 
3.3 
3.5 
3.3 
3.5 


YOM 
Peak output voltage swing:!: 
Rl = 10 kQ, 
V 


VCC+=5Vto30V 
VCC+-1.7 
VCC+-1.7 


AVO 
large-signal 
differential 
Vo = 1.7 Vto 3.3 V, 
20 
200 
20 
200 
V/mV 
voltage amplification 
Rl = 2 kQ 


kSVS 
Supply voltage sensitivity 
VCC± = ± 2.5 V to ±15 V 
150 
150 
JlVN 
(l\VloIl\Vcc±) 


ICC 
Supply current 
VO=2.5V, 
No load 
2.5 
7 
2.5 
7 
mA 


V01/V02 
Crosstalk attenuation 
f = 1 kHz to 20 kHz 
120 
120 
dB 
t All characteristics 
are measured under open-loop conditions with zero common-mode 
input voltage unless otherwise specified. 
:!:Output will swing essentially to ground. 


operating 
characteristics, 
VCC+ = 14 V, VCC- = 0 V for MC3303, 
VCC± = ±15 V for MC3403, 
T A = 25°C, AVD = 1 (unless otherwise 
noted) 


PARAMETER 
TEST CONDITIONS 
MIN 
TVP 
MAX 
UNIT 


SR 
Slew rate at unity gain 
VI =±10V, 
Cl = 100 pF, 
Rl = 2 kQ, 
See Figure 1 
0.6 
V/Jls 


tr 
Rise time 
0.35 
JlS 


tf 
Fall time 
l\VO = 50 mY, 
Cl = 100 pF, 
Rl = 10 kQ, 
See Figure 1 
0.35 
JlS 


Overshoot factor 
20% 


Crossover distortion 
VI(PP) = 30 mY, 
VOpp=2V, 
f = 10 kHz 
1% 


~TEXAS 
INSTRUMENTS 


MC3303, MC3403 
QUADRUPLE LOW-POWER OPERATIONAL AMPLIFIERS 


FIGURE 


vs Free-air temperature 
2 
liB 
Input bias current 
vs Supply voltage 
3 


vs Supply voltage 
4 
VO(PP) 
Maximum peak-to-peak 
output voltage 
vs Frequency 
5 


AVO 
Large-signal differential voltage amplification 
vs Frequency 
6 


Large-signal 
pulse response 
vs Time 
7 


INPUT BIAS CURRENTt 
vs 
FREE·AIR TEMPERATURE 
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INPUT BIAS CURRENT 
vs 
SUPPLY VOLTAGE 
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Figure2 
Figure3 
t Data at high and low temperatures 
are applicable only within the rated operating free-air temperature 
ranges of the various devices. 
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MC3303, MC3403 
QUADRUPLE LOW-POWER OPERATIONAL AMPLIFIERS 
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MAXIMUM PEAK-TO-PEAK 
OUTPUT VOLTAGE 
vs 
SUPPLY VOLTAGE 


RL = 10 kQ 


TA = 25°C 


MAXIMUM PEAK-TO-PEAK 
OUTPUT VOLTAGE 
vs 
FREQUENCY 
> 
30 
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LARGE-SIGNAL 
DIFFERENTIAL 
VOLTAGE AMPLIFICATION 
vs 
FREQUENCY 


VCC±=±15 
V 
RL= 
2 kQ 


TA = 25°C 
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f - Frequency 
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VCC± = ±15 V 


...... 
CL =0 
RL = 10 kQ 
- 


TA = 25°C 
See Figure 
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Figure 5 
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-!/} TEXAS 
INSTRUMENTS 


NE5532, NE5532A, NE55321, NE5532AI 
DUAllOW·NOISE 
OPERATIONAL AMPLIFIERS 


• 
Equivalent 
Input Noise Voltage 
5 nv/VHZ Typ at 1 kHz 


• 
Unity-Gain Bandwidth 
... 
10 MHz Typ 


• 
Common-Mode 
Rejection Ratio 
100 dB Typ 


• 
High DC Voltage Gain ... 
100 VlmV Typ 


• 
Peak-to-Peak Output Voltage Swing 
32 V Typ With Vcc± = ±18 V and 
RL = 600 n 


• 
High Slew Rate ... 
9 ViliS Typ 


• 
Wide Supply Voltage 
Range ... 
±3 V 
to ±20 V 


• 
Designed to Be Interchangeable 
With 
Signetics 
NE5532 and NE5532A 


P PACKAGE 
(TOP VIEW) 


OUTOs 
Vcc+ 
IN- 
2 
7 
OUT 
IN+ 
3 
6 
IN- 
Vcc- 
4 
5 
IN+ 


description 


The NE5532 and NE5532A 
are monolithic high-performance operational amplifiers combining excellent dc and 


ac characteristics. 
They 
feature 
very 
low 
noise, 
high output 
drive 
capability, 
high 
unity-gain 
and 


maximum-output-swing 
bandwidths, 
low distortion, high slew rate, input-protection 
diodes, and output 
short-circuit protection. These operational amplifiers are internally compensated for unity-gain operation. The 
NE5532A 
has specified maximum limits for equivalent input noise voltage. 


The NE5532 and NE5532A 
are characterized for operation from O°C to 70°C. The NE55321 and NE5532AI 
are 


characterized for operation from -40°C 
to 85°C. 
:::_~~- 


PRODUCTION 
DATA 
Information 
Is 
current 
as 
of 
pUblication 
date. 


Products 
conform 
to specifIcations 
per the terms 
of Texas 
Instruments 
standard 
warranty. 
Production 
processing 
does 
not necessarily 
include 
testing 
of alt parameters. 
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INSTRUMENTS 


NE5532, NE5532A, NE55321, NE5532AI 
DUAL LOW-NOISE OPERATIONAL AMPLIFIERS 


150 


OUT 


absolute 
maximum 
ratings over operating 
free-air temperature 
range (unless 
otherwise 
noted) 


Supply voltage, Vcc+ (see Note 1) 
22 V 
Supply voltage, VCC- (see Note 1) 
-22 V 
Input voltage, either input (see Notes 1 and 2) 
VCC± 


Input current (see Note 3) 
± 10 mA 
Duration of output short circuit (see Note 4) 
unlimited 
Continuous total power dissipation 
See Dissipation Rating Table 
Operating free-air temperature range: 
NE5532, NE5532A 
O°Cto 70°C 
NE55321,NE5532AI 
-40°C to 85°C 
Storage temperature range 
-65°C to 150°C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds 
260°C 


NOTES: 
1. 
All voltage values, except differential voltages, are with respect to the midpoint between vcc+ and VCC-. 


2. 
The magnitude of the input voltage must never exceed the magnitude of the supply voltage. 


3. 
Excessive input current will flow if a differential input voltage in excess of approximately 
0.6 V is applied between the inputs unless 
some limiting resistance is used. 
4. 
The output may be shorted to ground or either power supply. Temperature 
and/or supply voltages must be limited to ensure the 
maximum dissipation 
rating is not exceeded. 


DISSIPATION RATING TABLE 


TA" 25°C 
OPERATING 
FACTOR 
TA = 70°C 
POWER RATING 
ABOVE TA = 25°C 
POWER RATING 


1000 mW 
8 mW/oC 
640 mW 


TA = 85°C 
POWER RATING 


520mW 


~TEXAS 
INSTRUMENTS 


NE5532, NE5532A, NE55321, NE5532AI 
DUAL LOW-NOISE OPERATIONAL AMPLIFIERS 


MIN 
NOM 
MAX 
UNIT 


Supply voltage, VCC+ 
5 
15 
V 


Supply voltage, VCC- 
-5 
-15 
V 


PARAMETER 
TEST CONDITIONSt 
MIN 
TYP 
MAX 
UNIT 


ITA = 25°C 
0.5 
4 
VIO 
Input offset voltage 
VO=O 
ITA = Full range 
mV 
5 


TA = 25°C 
10 
150 
110 
Input offset current 
nA 
TA = Full range 
200 


TA = 25°C 
200 
800 
liB 
Input bias current 
nA 
TA = Full range 
1000 


VICR 
Common-mode 
input voltage range 
±12 
±13 
V 


Maximum peak-to-peak 
output voltage 
VCC±=±15 
V 
24 
26 
VOpp 
swing 
RL ~ 600 Q 
V 
VCC± = ±18 V 
30 
32 


RL ~ 600 Q, 
TA = 25°C 
15 
50 


Large-signal differential voltage 
VO=±10V 
TA = Full range 
10 
AVO 
amplification 
V/mV 
RL~2 
kQ, 
TA = 25°C 
25 
100 


VO=±10V 
TA = Full range 
15 


Avd 
Small-signal differential voltage 
f = 10 kHz 
2.2 
V/mV 
amplification 


RL = 600 Q 
IVO=±10V 
140 
BOM 
Maximum-output-swing 
bandwidth 
IVCC~ = ±18 V, 


kHz 
VO=±14V 
100 


B1 
Unity-gain bandwidth 
RL = 600 Q, 
CL=100pF 
10 
MHz 


r; 
Input resistance 
30 
300 
kQ 


Zo 
Output impedance 
AVO=30dB, 
RL = 600 Q, 
f=10kHz 
0.3 
Q 


CMRR 
Common-mode 
rejection ratio 
VIC = VICR min 
70 
100 
dB 


kSVR 
Supply voltage rejection ratio 
VCC± = ±9 V to ±15 V, 
VO=O 
80 
100 
dB 
(~VCC±ltNIO) 


10S 
Output short-circuit current 
38 
mA 


ICC 
Total supply curent 
VO=O, 
No load 
8 
16 
mA 


Crosstalk attenuation 
(V011V02) 
V01 = 10 V peak, 
f= 1 kHz 
110 
dB 
t All characteristics 
are measured under open-loop conditions with zero common-mode 
input voltage unless otherwise specified. Full range for 
TA is O°C to 70°C for NE55321NE5532A and -40°C 
to 85°C for NE55321/NE5532AI. 


NE55321NE55321 
NE5532A1NE5532AI 
PARAMETER 
TEST CONDITIONS 
UNIT 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


SR 
Slew rate at unity gain 
9 
9 
VIlIS 


Overshoot factor 
VI = 100 mV, 
AVO = 1, 
10% 
10% 
RL = 600 Q, 
CL = 100 pF 


f= 30 Hz 
8 
8 
10 
Vn 
Equivalent input noise voltage 
f= 
1 kHz 
nV/v'RZ 
5 
5 
6 


f = 30 Hz 
2.7 
2.7 
pNv'RZ 
In 
Equivalent input noise current 
f = 1 kHz 
0.7 
0.7 


~TEXAS 
INSTRUMENTS 


NE5534,NE5534A,SE5534,SE5534A 
LOW-NOISE OPERATIONAL AMPLIFIERS 


• 
Equivalent 
Input Noise Voltage 
3.5 nVl-.JHZ 


• 
Unity-Gain Bandwidth 
... 
10 MHz Typ 


• 
Common-Mode 
Rejection Ratio 
100 dB Typ 


• 
High DC Voltage Gain ... 
100 VlmV Typ 


• 
Peak-to-Peak Output Voltage Swing 
32 V Typ With Vcc± = ±18 V and RL = 600 n 


• 
High Slew Rate ... 
13 VI~s Typ 
• 
Wide Supply Voltage Range ±3 V to ±20 V 


• 
Low Harmonic Distortion 
• 
Designed to Be Interchangeable 
With 
Signetics 
NE5534, NE5534A, SE5534, 
and SE5534A 


NE5534, NE5534A 
0 OR P PACKAGE 
SE5534, SE5534A 
JG PACKAGE 


(TOP VIEW) 


BALANCE08 
COMP/BAL 
IN- 
2 
7 
VCC+ 


IN+ 
3 
6 
OUT 


VCC- 
4 
5 
CaMP 


SE5534, SE5534A 
.•. 
FK PACKAGE 


(TOP VIEW) 


...J 
W 
« 
o 
OJ 
Z 
ii: 


:3 
::!; 
0«000 
ZOJZOZ 


description 


The NE5534, NE5534A, SE5534, and SE5534A 
are 
monolithic 
high-performance 
operational 
amplifiers 
combining 
excellent 
dc 
and 
ac 
characteristics. Some of the features include very 
low noise, high output drive capability, high unity- 
gain and maximum-output-swing bandwidths, low 
distortion, and high slew rate. 


These 
operational 
amplifiers 
are 
internally 
compensated for a gain equal to or greater than 
three. Optimization of the frequency response for 
various applications can be obtained by use of an 
external compensation capacitor between CaMP 
and 
COMP/BAL. 
The 
devices 
feature 
input- 
protection diodes, output short-circuit protection, 
and offset-voltage nulling capability. 


For the NE5534A, a maximum limit is specified for 
equivalent input noise voltage. 


The NE5534 and NE5534A are characterized for 
operation from DOC to 7DoC. 
The SE5534 and 
SE5534A are characterized for operation over the 
full military temperature range of - 55°C to 125°C. 


3 
2 
1 
2019 
NC 
4 
18 
NC 
IN- 
5 
17 
VCC+ 
NC 
6 
16 
NC 


IN+ 
7 
15 
OUT 


NC 
8 
14 
NC 
9 
1011 
1213 


COMP 


COMP/BAL 


SE5534A FROM TI NOT RECOMMENDED 
FOR NEW DESIGNS 


PACKAGE 


TA 
VIO max 
SMALL 
OUTLINE 
AT 25°C 
CERAMIC 
CERAMIC 
DIP 
PLASTIC 
DIP 
(D) 
(FK) 
(JG) 
(P) 


O°C to 70°C 
4mV 
NE5534D 
- 
- 
NE5534P 
NE5534AD 
- 
- 
NE5534AP 


- 55°C to 125°C 
2mV 
- 
SE5534FK 
SE5534JG 
- 
- 
SE5534AFK 
SE5534AJG 
- 


~~~~~t~~~o~:1: 
si~r~~W~81~~~~:~~~ 
g:~:~~~~r~mC:~fs 


standard warranty. Production processing does not necessarily Include 
testing of all parameters. 
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INSTRUMENTS 


NE5534,NE5534A,SE5534,SE5534A 
LOW-NOISE OPERATIONAL AMPLIFIERS 


COMPIBAL 
8 
COMP 
5 
BALANCE 


1 


150 


6 
OUT 


All component values shown are nominal. 
Pin numbers shown are for D, JG, and P packages. 


absolute 
maximum 
ratings over operating 
free-air temperature 
range (unless otherwise 
noted) 


Supply voltage, Vcc+ (see Note 1) 
22V 
Supply voltage, Vcc- 
(see Note 1) 
- 22 V 
Input voltage either input (see Notes 1 and 2) 
VCC+ 
Input current (see Note 3) 
±10 mA 
Duration of output short circuit (see Note 4) 
unlimited 
Continuous total power dissipation 
See Dissipation Rating Table 
Operating free-air temperature range: 
NE5534, NE5534A 
O°Cto 70°C 
SE5534, SE5534A 
- 55°C to 125°C 
Storage temperature range 
- 65°C to 150°C 
Case temperature for 60 seconds: FK package 
260°C 
Lead temperature range 1,6 mm (1/16 inch) from case for 60 seconds: JG package 
300°C 
Lead temperature range 1,6 mm (1/16 inch) from case for 10 seconds: D or P package 
260°C 


NOTES: 
1. 
All voltage values, except differential voltages, are with respect to the midpoint between VCC+ and VCC-. 


2. 
The magnitude of the input voltage must never exceed the magnitude of the supply voltage. 


3. 
Excessive current will flow if a differential input voltage in excess of approximately 
0.6 V is applied between the inputs unless some 
limiting resistance is used. 


4. 
The output may be shorted to ground or to either power supply. Temperature and/or supply voltages must be limited to ensure the 
maximum dissipation 
rating is not exceeded. 


~TEXAS 
INSTRUMENTS 


NE5534, NE5534A, SE5534, SE5534A 
LOW-NOISE OPERATIONAL AMPLIFIERS 


PACKAGE 
TA" 25°C 
DERATING FACTOR 
TA = 70°C 
TA = 125°C 
POWER RATING 
ABOVE TA = 25°C 
POWER RATING 
POWER RATING 


0 
725mW 
5.8mW/oC 
464mW 
N/A 
FK (see Note 5) 
1375mW 
11.0 mW/oC 
880mW 
275mW 
JG 
1050mW 
8.4 mW/oC 
672mW 
210mW 
P 
1000mW 
8.0mW/oC 
640mW 
N/A 


MIN 
NOM 
MAX 
UNIT 


Supply voltage. VCC+ 
5 
15 
V 


Supply voltage. VCC- 
-5 
-15 
V 


PARAMETER 
TEST CONDITIONSt 
NE5534, NE5534A 
SE5534, SE5534A 
UNIT 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


VO=O. 
TA = 25°C 
0.5 
4 
0.5 
2 
VIO 
Input offset voltage 
mV 
RS=50n 
TA = Full range 
5 
3 


TA = 25°C 
20 
300 
10 
200 
110 
Input offset current 
VO=O 
nA 
TA = Full range 
400 
500 


TA = 25°C 
500 
1500 
400 
800 
liB 
Input bias current 
VO=O 
nA 
TA = Full range 
2000 
1500 


VICR 
Common-mode 
input 
±12 
±13 
±12 
±13 
V 
voltage range 


Maximum peak-to-peak 
VCC±=±15V 
24 
26 
24 
26 
VO{PP) 
output voltage swing 
RL~600n 
V 
VCC+=±18 
V 
30 
32 
30 
32 


Large-signal differential 
VO=±10V. 
TA = 25°C 
25 
100 
50 
100 
AVO 
V/mV 
voltage amplification 
RL ~600 n 
TA = Full range 
15 
25 


Small-signal differential 
CC=O 
6 
6 
Avd 
voltage amplification 
f = 10 kHz 
V/mV 
Cc = 22 pF 
2.2 
2.2 


VO=±10V. 
CC=O 
200 
200 


BOM 
Maximum-output-swing 
Vo = ±10 V, 
CC=22 
pF 
95 
95 
kHz 
bandwidth 
VCC±= 
±18V. 
VO=±14V. 


RL~600n. 
CC=22pF 
70 
70 


Bl 
Unity-gain bandwidth 
Cc = 22 pF. 
CL=100pF 
10 
10 
MHz 


q 
Input resistance 
30 
100 
50 
100 
kn 


Zo 
Output impedance 
AVD = 30 dB. 
RL~600n, 
0.3 
0.3 
n 
Cc = 22 pF. 
f= 10kHz 


CMRR 
Common-mode 
rejection 
VO=O. 
VIC= VICRmin. 
70 
100 
80 
100 
dB 
ratio 
RS=50n 


kSVR 
Supply voltage rejection 
VCC+=±9Vto±15V. 
RS = 50n 
80 
100 
86 
100 
dB 
ratio (t.VCc!t.VIO) 
VO=O. 


10S 
Output short-circuit current 
38 
38 
mA 


ICC 
Supply current 
VO=O. 
ITA = 25°C 
4 
8 
4 
6.5 
No load 
ITA = Full range 
mA 
9 
t All characteristics 
are measured under open-loop conditions with zero common-mode 
input voltage unless otherwise specified. 
Fuil range is 
TA = O°C to 70°C for NE5534 and NE5534A and - 55°C to 125°C for SE5534 and SE5534A. 


~TEXAS 
INSTRUMENTS 


NE5534, NE5534A, SE5534, SE5534A 
LOW-NOISE OPERATIONAL AMPLIFIERS 


TEST CONDITIONS 
SE5534, NE5534 
SE5534A, NE5534A 
UNIT 
PARAMETER 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


CC=O 
13 
13 
SR 
Slew rate at unity gain 
V/Jls 
Cc = 22 pF 
6 
6 


tr 
Rise time 
VI =50 mV, 
AVD= 
1, 
20 
20 
ns 
RL = 600 Q, 
CC=22 
pF, 


Overshoot lactor 
CL = 100 pF 
20% 
20% 


tr 
Rise time 
VI = 50mV, 
AVD= 
1, 
50 
50 
ns 
RL = 600 Q, 
Cc = 47 pF, 
Overshoot factor 
CL = 500 pF 
35% 
35% 


1= 30 Hz 
7 
5.5 
7 
Vn 
Equivalent input noise voltage 
1= 1 kHz 
nV/\/HZ 
4 
3.5 
4.5 


1= 30 Hz 
2.5 
1.5 
In 
Equivalent input noise current 
f= 1 kHz 
0.6 
0.4 
pA/\/HZ 


F 
Average noise ligure 
RS= 5 kQ, 
I = 10Hz to 20 kHz 
0.9 
dB 


NORMALIZED INPUT BIAS CURRENT 
AND INPUT OFFSET CURRENT 
vs 
FREE-AIR TEMPERATURE 


MAXIMUM PEAK-TO·PEAK OUTPUT VOLTAGE 
vs 
FREQUENCY 


0.4 
-75 
-50 
-25 
0 
25 
50 
75 
100 
125 


TA - Free-Air Temperature - °C 


VCC± 
= ±15V 
TA= 25'C 
o 
100 
1 k 
10k 
100k 


f - Frequency - Hz 


~TEXAS 
INSTRUMENTS 


NE5534, NE5534A, SE5534, SE5534A 
LOW-NOISE OPERATIONAL AMPLIFIERS 


LARGE-SIGNAL 
DIFFERENTIAL VOLTAGE AMPLIFICATION 
vs 
FREQUENCY 


VCC± 
= ±15V 
TA = 25°C 


NORMALIZED SLEW RATE AND 
UNITY-GAIN BANDWIDTH 
vs 
SUPPLY VOLTAGE 


1.2 
J:: 
i5 
TA = 25°C 
'i 
1.1 
'tlc: 
tom 
c: 
'iij~ 
~ 
0.9 
c: 
:> 
'tl 
0.8 
c: 
to 
~ 
0.7 
a:;: 
Gliii 
0.6 


'tl 
Gl.~ 
'iii 
0.5 
E5z 
0.4 
0 
5 
10 
15 
20 


I VCC ± I - Supply Voltage - V 


Figure 4 


TOTAL HARMONIC DISTORTION 
vs 
FREQUENCY 
0.01 


~ 
0.007 
I 
c:0t: 
~ 
C 
0.004 
u 
'20 
E 
ftjJ: 
7§ 
{2 
0.002 
I 
CJ:I- 


VCC± 
= ±15V 
AVD = 1 
VI(rms)=2V 
TA = 25°C 
// 


-- 


1 
10 
100 
1 k 
10 k 
100 k 
1 M 
10 M 
100 M 


f - Frequency - Hz 


Figure 3 


NORMALIZED SLEW RATE AND 
UNITY-GAIN BANDWIDTH 


vs 


FREE-AIR TEMPERATURE 


1 k 
4 k 
10 k 


f - Frequency - Hz 


0.8 


-75 
-50 
-25 
0 
25 
50 
75 
100 
125 


TA - Free-Air Temperature - °c 


~TEXAS 
INSTRUMENTS 


NE5534,NE5534A,SE5534,SE5534A 
LOW-NOISE OPERATIONAL AMPLIFIERS 


EQUIVALENT 
INPUT 
NOISE 
VOLTAGE 
va 
FREQUENCY 


10 
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~ 
~ 
~ 
4 
::J 
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0- 
.5 
0- 
.5 
C 
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C 
.!! 
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0- 
:; 
W 
0- 
I 
W 
I: 
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> 
I: 
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f - Frequency 
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Figure 7 


EQUIVALENT 
INPUT 
NOISE 
CURRENT 
va 
FREQUENCY 


VCC± 
- 
±15V 
TA=25°C 


\\ 


1'\ 


SE~534, N~~5~~ 


I I 
I I 
Tn 
I I II 
SE5534A, 
NE5534A 


100 
1 k 
10 k 


f - Frequency 
- Hz 


TOTAL 
EQUIVALENT 
INPUT 
NOISE 
VOLTAGE 
va 
SOURCE 
RESISTANCE 
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•• 
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VCC± 
= ±15V 
TA=25°C 
'- b 
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~ 
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f= 
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~TEXAS 
INSTRUMENTS 


OP07C,OP07D,OP07Y 
PRECISION OPERATIONAL AMPLIFIERS 


• 
Low Noise 
• 
No External Components Required 
• 
Replaces Chopper Amplifiers at a Lower 
Cost 


• 
Single-Chip Monolithic Fabrication 


• 
Wide Input Voltage Range 
o to±14 V Typ 


• 
Wide Supply Voltage Range 


±3Vto±18V 


• 
Essentially Equivalent to Fairchild IlA714 
Operational Amplifiers 


• 
Direct Replacement for PMI OP07C and 
OP07D 


o OR P PACKAGE 
(TOP VIEW) 


OFFSET N1D8 
OFFSET N2 
IN- 
2 
7 
VCC+ 


IN+ 
3 
6 
OUT 


VCC- 
4 
5 
NC 


1 


~om 


description 


These devices 
represent 
a breakthrough 
in operational 
amplifier 
performance. 
Low offset and long-term 
stability 
are 
achieved 
by 
means 
of a low-noise, 
chopperless, 
bipolar-input-transistor 
amplifier 
circuit. 
For 
most 
applications, 
external 
components 
are not required 
for offset 
nulling 
and frequency 
compensation. 
The true 
differential 
input, with a wide input voltage 
range and outstanding 
common-mode 
rejection, 
provides 
maximum 
flexibility 
and performance 
in high-noise 
environments 
and in noninverting 
applications. 
Low bias currents 
and 
extremely 
high input impedances 
are maintained 
over the entire temperature 
range. The OPO? is unsurpassed 
for low-noise, 
high-accuracy 
amplification 
of very low-level 
signals. 


These 
devices 
are characterized 
for operation 
from O°C to ?O°C. 


IN- 


OFFSETN2 


PACKAGED 
DEVICES 


TA 
VIOmax 
CHIP FORM 
AT 25°C 
SMALL 
OUTLINE 
PLASTIC 
DIP 
(V) 
(D) 
(P) 


O°C to 70°C 
15OI.tV 
OP07CD 
OP07CP 
OP07Y 
OP07DD 
OP07DP 


The D package is available taped and reeled. Add the suffix R to the device type (e.g., OP07CDR). The chip 
form is tested at TA = 25°C. 


PRODUCTION DATA Information 
ia current 
.s 
of publication 
date. 


Products conform to specifications per the terms of Texas Instruments 
standard 
warranty. 
Production 
processing 
does 
not necessarily 
include 
testing of all parameters. 
~TEXAS 
INSTRUMENTS 


OP07C,OP07D,OP07Y 
PRECISION OPERATIONAL AMPLIFIERS 


OP07Y chip information 


These chips, properly assembled, display characteristics similar to the OPO? Thermal compression or 
ultrasonic bonding may be used on the doped-aluminum bonding pads. Chips may be mounted with conductive 
epoxy or a gold-silicon preform. 


14 
94 
~ 
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OFFSETN1 
(1) 


IN+ 
(3) 


(2) 
OUT 
IN- 


OFFSETN2 
(8) 


~TEXAS 
INSTRUMENTS 


OFFSETN1 


OFFSET N2 
8 


Resistors 
Transistors 
Capacitors 


OP07C,OP07D,OP07Y 
PRECISION OPERATIONAL AMPLIFIERS 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supply voltage, Vcc+ (see Note 1) 
22 V 
Supply voltage, Vcc- 
-22 V 
Differential input voltage (see Note 2) 
±30 V 


Input voltage, VI (either input, see Note 3) 
±22 V 
Duration of output short circuit (see Note 4) 
unlimited 
Continuous total dissipation at (or below) 25°C free-air temperature (see Note 5) 
500 mW 
Operating free-air temperature range, TA 
O°Cto 70°C 
Storage temperature range 
-65°C to 150°C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds 
260°C 


NOTES: 
1. 
All voltage values, unless otherwise noted, are with respect to the midpoint between VCC + and VCC _ . 


2. 
Differential voltages are at IN+ with respect to IN-. 


3. 
The magnitude of the input voltage must never exceed the magnitude of the supply voltage or 15 V, whichever 
is less. 


4. 
The output may be shorted to ground or either power supply. 


5. 
For operation above 64°C free-air temperature, 
derate the D package to 464 mW at 70°C at the rate of 5.8 mW/oC. 


MIN 
MAX 
UNIT 


Supply voltage, VCC+ 
±3 
±18 
V 


Common-mode 
input voltage, VIC 
IVCC+=±15V 
-13 
13 
V 


Operating free-air temperature, 
TA 
0 
70 
°c 


~TEXAS 
INSTRUMENTS 


OP07C 
OP07D 
PARAMETER 
TEST CONDITIONSt 
TA 
UNIT 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


25°C 
60 
150 
60 
150 
VIO 
Input offset voltage 
VO=O, 
RS= 50Q 
O°C to 70°C 
85 
250 
85 
250 
l!V 


aVIO 
Temperature coefficient of input offset voltage 
VO=O, 
RS=50Q 
O°C to 70°C 
0.5 
1.8 
0.7 
2.5 
l!VloC 


Long-term drift of input offset voltage 
See Note 6 
0.4 
0.5 
l!V/mo 


Offset adjustment range 
RS = 20 kQ, 
See Figure 1 
25°C 
±4 
±4 
mV 


25°C 
0.8 
6 
0.8 
6 
110 
Input offset current 
nA 
O°C to 70°C 
1.6 
8 
1.6 
8 


aliO 
Temperature coefficient of input offset current 
O°C to 70°C 
12 
50 
12 
50 
pA/oC 


25°C 
±1.8 
±7 
±2 
±12 
liB 
Input bias current 
nA 
O°C to 70°C 
±2.2 
±9 
±3 
±14 


aliB 
Temperature coefficient of input bias current 
O°C to 70°C 
18 
50 
18 
50 
pA/oC 


25°C 
±13 
±14 
±13 
±14 
VICR 
Common-mode 
input voltge range 
V 
O°C to 70°C 
±13 
±13.5 
±13 
±13.5 


RL~10kQ 
±12 
±13 
±12 
±13 


RL ~2 kQ 
25°C 
±11.5 
±12.8 
±11.5 
±12.8 
VOM 
Peak output voltage 
V 
RL~ 1 kQ 
±12 
±12 


RL~ 2 kQ 
O°C to 70°C 
±11 
±12.6 
±11 
±12.6 


VCC±=±3 
V, 
VO=±0.5V, 
25°C 
100 
400 
400 
RL ~ 500 kQ 
AVO 
Large-signal differential voltage amplification 
25°C 
120 
400 
120 
400 
V/mV 


Vo = ±10 V, 
RL=2 
kQ 
O°C to 70°C 
100 
400 
100 
400 


B1 
Unity-gain bandwidth 
25°C 
0.4 
0.6 
0.4 
0.6 
MHz 


q 
Input resistance 
25°C 
8 
33 
7 
31 
MQ 


25°C 
100 
120 
94 
110 
CMRR 
Common-mode 
rejection ratio 
VIC=±13V, 
RS =50Q 
dB 
O°C to 70°C 
97 
120 
94 
106 


VCC± = ±3 V to ±18 V, 
25°C 
7 
32 
7 
32 
kSVS 
Supply voltage sensitivity (AVlot6Vccl 
RS=50Q 
o°c to 70°C 
10 
51 
10 
51 
l!VN 


VO=O, 
No load 
80 
150 
80 
150 


Po 
Power dissipation 
VCC±=±3V, 
VO=O, 
25°C 
mW 


No load 
4 
8 
4 
8 


t All characteristics 
are measured under open-loop conditions with zero common-mode 
input voltage unless otherwise noted. 
NOTE 6: 
Since long-term drift cannot be measured on the individual devices prior to shipment, this specification is not intended to be a warranty. It is an engineering estimate of the 
averaged trend line of drift versus time over extended periods after the first thirty days of operation. 
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OP07C,OP07D,OP07Y 
PRECISION OPERATIONAL AMPLIFIERS 


TEST 
OP07C 
OP07D 
PARAMETER 
CONDITIONSt 
UNIT 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


f= 
10 Hz 
10.5 
10.5 


Vn 
Equivalent input noise voltage 
f=100Hz 
10.2 
10.3 
nV/..[Hz 


f= 
1 kHz 
9.8 
9.8 


VNIPP\ 
Peak-to-peak 
equivalent input noise voltage 
f=0.1 
Hz to 10Hz 
0.38 
0.38 
~V 


f= 10 Hz 
0.35 
0.35 


In 
Equivalent input noise current 
f = 100 Hz 
0.15 
0.15 
pAl..[Hz 


f= 1 kHz 
0.13 
0.13 


IN{PPl 
Peak-to-peak 
equivalent input noise current 
f=0.1 
Hzt010Hz 
15 
15 
pA 


SR 
Slew rate 
RL;;,2 
k.Q 
0.3 
0.3 
V/~s 


TEST CONDITIONSt 
OP07Y 
PARAMETER 
UNIT 
MIN 
TYP 
MAX 


VIO 
Input offset voltage 
RS=50Q 
60 
150 
~V 


Long-term drift of input offset voltage 
See Note 6 
0.5 
~V/mo 


Offset adjustment 
range 
RS = 20 kQ, 
See Figure 1 
±4 
mV 


110 
Input offset current 
0.8 
6 
nA 


liB 
Input bias current 
±2 
±12 
nA 


VICR 
Common-mode 
input voltage range 
±13 
±14 
V 


RL'; 
10 k.Q 
±12 
±13 


YOM 
Peak output voltage 
RL'; 
2 k.Q 
±11.5 
±12.8 
V 


RL,;1 
kQ 
±12 


VCC+=±3V, 
Vo =±0.5 
V, 
RL'; 
500 k.Q 
400 
AVD 
Large-signal differential voltage amplification 
VO=±10V, 
RL=2 
kQ 
120 
400 


B1 
Unity-gain bandwidth 
0.4 
0.6 
MHz 


q 
Input resistance 
7 
31 
MQ 


CMRR 
Common-mode 
input resistance 
VIC=±13 
V, 
RS=50Q 
94 
110 
dB 


kSVS 
Supply-voltage 
rejection ratio (II.VCc!II.VIO) 
VCC+=±3Vto±18V, 
RS=50Q 
7 
32 
~VN 


VO=O, 
No load 
80 
150 
PD 
Power dissipation 
MQ 
VCC+=±3V, 
VO=O, 
No load 
4 
8 


NOTE 6: 
Since long-term drift cannot be measured on the individual devices prior to shipment, this specification 
is not intended to be a warranty. 
It is an engineering estimate of the averaged trend line of drift versus time over extended periods after the first thirty days of operation. 
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INSTRUMENTS 


OP07C,OP07D,OP07Y 
PRECISION OPERATIONAL AMPLIFIERS 


TEST CONDITIONST 
OP07Y 
PARAMETER 
UNIT 
MIN 
TYP 
MAX 


1= 10 Hz 
10.5 


Vn 
Equivalent input noise voltage 
1= 1 kHz 
10.3 
nV/..JHZ 


1=0.1 
Hzto10Hz 
9.8 


VNlPPl 
Peak-to-peak 
equivalent input noise voltage 
1=0.1 
Hzto10Hz 
0.38 
l!V 


1= 10 Hz 
0.35 


In 
Equivalent input noise current 
1= 100 Hz 
0.15 
pAl..JHZ 


1= 1 kHz 
0.13 


IN(PPI 
Peak-to-peak 
equivalent input noise current 
1=0.1 
Hzto10Hz 
15 
pA 


SR 
Slew rate 
RL=2kil 
0.3 
V/l!s 


20 kil 


~FF~ 
N2 
8 
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RC4136, RM4136, RV4136 
QUAD GENERAL-PURPOSE 
OPERATIONAL 
AMPLIFIERS 


• 
Continuous-Short-Circuit 
Protection 


• 
Wide Common-Mode 
and Differential 
Voltage Ranges 


• 
No Frequency Compensation 
Required 


• 
Low Power Consumption 


• 
No Latch-Up 
• 
Unity Gain Bandwidth 
... 
3 MHz Typ 
• 
Gain and Phase Match Between Amplifiers 


• 
Designed To Be Interchangeable 
With 
Raytheon RC4136, RM4136, and RV4136 


• 
Low Noise ... 
8 nV'-IHi Typ at 1 kHz 


description 


The RC4136, 
RM4136, 
and RV4136 
are quad 
general-purpose operational amplifiers with each 
amplifier electrically similar to the JlA741 except 
that offset null capability is not provided. 


The high common-mode input voltage range and 
the absence of latch-up make these amplifiers 
ideal 
for 
voltage-follower 
applications. 
The 
devices are short circuit protected and the internal 
frequency compensation ensures stability without 
external components. 


The RC4136 
is characterized for operation from 
O°C to 70°C, 
the RM4136 
is characterized for 
operation over the full military temperature range 
of 
-55°C 
to 
125°C, 
and 
the 
RV4136 
is 
characterized for operation from -40°C 
to 85°C. 


RM4136 .•• J OR W PACKAGE 
ALL OTHERS ... 
D OR N PACKAGE 


(TOP VIEW) 


1 V 
14 
41N- 


2 
13 
41N+ 
3 
12 
40UT 


4 
11 
VCC+ 


5 
10 
30UT 
6 
9 
31N+ 
7 
8 
31N- 


11N- 
11N+ 
lOUT 
20UT 
21N+ 
21N- 


VCC- 


RM4136 ••. 
FK PACKAGE 


(TOP VIEW) 


+ 
I 
I 
+ 
Z~()Zz 
Z ~ ~ 


10UT 
NC 
20UT 
NC 
21N+ 


3 
2 
1 
2019 


4 
18 


5 
17 


6 
16 


7 
15 


8 
14 
9 
1011 
1213 


40UT 
NC 


VCC+ 
NC 
30UT 


I 
I 
() 
I 
+ 
ZOzzz 
C\j;$> 
Ci5 Ci5 


IN+~IN----v 


PACKAGE 


TA 
Vlomax 
SMALL 
OUTLINE 
CHIP CARRIER 
CERAMIC 
DIP 
PLASTIC 
DIP 
FLAT 
AT 25°C 
(0) 
(FK) 
(J) 
(N) 
(W) 


DoCto 70°C 
6mV 
RC4136D 
- 
- 
RC4136N 
- 


-40°C 
to 85°C 
6mV 
RV4136D 
- 
- 
RV4136N 
- 


-55°C 
to 125°C 
4mV 
- 
RM4136FK 
RM4136J 
- 
RM4136W 


PRODUCTlON 
DATA information 
Is current 
as of 
publtcatlon 
dati. 


Products 
eonform 
to spectfications 
per the tenns 
of Texas Instruments 
standard 
warranty. 
Production 
processIng 
does 
not necessarily 
Include 


testing 
of all parameters. 
~TEXAS 
INSTRUMENTS 


Copyright 
© 1g90. Texas Instruments 
Incorporated 


On products 
compUant 
10 MIL-PRF-38S35, 
all parameters are tested 
unless 
otherwise 
noted. 
On 
all 
other 
products, 
production 


processIng 
does 
not necessarily 
include 
testing 
of all parameters. 


RC4136, RM4136, RV4136 
QUAD GENERAL-PURPOSE 
OPERATIONAL AMPLIFIERS 


RC4136 
RM4136 
RV4136 
UNIT 


Supply voltage VCC+ (see Note 1) 
18 
22 
18 
V 


Supply voltage VCC- 
(see Note 1) 
-18 
-22 
-18 
V 


Differential input voltage (see Note 2) 
±30 
±30 
±30 
V 


Input voltage (any input, see Notes 1 and 3) 
±15 
±15 
±15 
V 


Duration of output short circuit to ground, one amplifier at a time (see Note 4) 
unlimited 
unlimited 
unlimited 


Continuous total dissipation 
See Dissipation Rating Table 


Operating free-air temperature 
range 
Ot070 
-55 
to 125 
-40 
to 85 
°c 


Storage temperature 
range 
-65 
to 150 
-65 
to 150 
-65 
to 150 
°c 


Case temperature 
for 60 seconds 
FK package 
- 
260 
- 
°c 


Lead temperature 
1,6 mm (1/16 inch) from case for 60 seconds 
J or W package 
- 
300 
- 
°c 


Lead temperature 
1,6 mm (1/16 inch) from case for 10 seconds 
D or N package 
260 
- 
260 
°c 


NOTES: 
1. 
All voltage values, unless otherwise noted, are with respect to the midpoint between VCC + and VCC _. 
2. 
Differential voltages are at IN+ with respect to IN-. 


3. 
The magnitude of the input voltage must never exceed the magnitude of the supply voltage or 15 V, whichever 
is less. 
4. 
Temperature and/or supply voltages must be limited to ensure that the dissipation 
rating is not exceeded. 


PACKAGE 
TA'; 25°C 
DERATING 
DERATE 
TA = 70°C 
TA = 85°C 
TA = 125°C 


POWER RATING 
FACTOR 
ABOVETA 
POWER RATING 
POWER RATING 
POWER RATING 


D 
800mW 
7.6mW/oC 
45°C 
608mW 
494mW 
- 


FK 
800mW 
11.0mW/oC 
77°C 
800mW 
715mW 
275mW 


J 
800mW 
11.0mW/oC 
7JOC 
800mW 
715mW 
275 mW 


N 
800mW 
9.2 mW/oC 
63°C 
736mW 
598 mW 
- 


W 
800mW 
8.0 mW/oC 
50°C 
640mW 
520mW 
200 mW 


~TEXAS 
INSTRUMENTS 


RC4136, RM4136, RV4136 
QUAD GENERAL-PURPOSE 
OPERATIONAL AMPLIFIERS 


MIN 
MAX 
UNIT 


Supply voltage, VCC+ 
5 
15 
V 


Supply voltage, VCC 
, 
-5 
-15 
V 


TEST CONDITIONSt 
RC4136 
RM4136 
RV4136 
PARAMETER 
UNIT 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


25°C 
0.5 
6 
0.5 
4 
0.5 
6 


VIL 
Input offset 
VO=O 
Full 
mV 
voltage 
7.5 
6 
7.5 
range 


25°C 
5 
200 
5 
1.50 
5 
200 


110 
Input offset 
VO=O 
Full 
nA 
current 
300 
500 
500 
range 


25°C 
140 
500 
140 
400 
140 
500 


liB 
Input bias current 
VO=O 
Full 
nA 
800 
1500 
1500 
range 


Vi 
Input voltage 
25°C 
±12 
±14 
±12 
±14 
±12 
±14 
V 
range 


RL = 10 kn 
25°C 
±12 
±14 
±12 
±14 
±12 
±14 
Maximum peak 
RL = 2 kn 
25°C 
±10 
±13 
±10 
±13 
±10 
±13 
YOM 
output voltage 
V 
swing 
RL;;,2 
kQ 
Full 
±10 
±10 
±10 
range 


Large-signal 
25°C 
20 
300 
50 
350 
20 
300 


AVD 
differential voltage 
VO=±10V, 
Full 
V/mV 
amplification 
RL;;,2 
kn 
15 
25 
15 
range 


Bl 
Unity-gain 
25°C 
3 
3.5 
3 
MHz 
bandwith 


q 
Input resistance 
25°C 
0.3' 
5 
0.3' 
5 
0.3' 
5 
Mn 


CMRR 
Common-mode 
VO=O, 
RS = son 
25°C 
70 
90 
70 
90 
70 
90 
dB 
rejection ratio 


Supply voltage 
VCC=±9Vto±15V, 


kSVS 
sensitivity 
VO=O 
25°C 
30 
150 
30 
150 
30 
150 
IlVN 
(~VloI~Vcc) 


Equivalent input 
AVO = 100, 


Vn 
noise voltage 
BW= 
1 Hz, 


25°C 
8 
8 
8 
nVv'RZ 
f= 
1 kHz, 
(closed-loop) 
RS= 
lOon 


25°C 
5 
11.3 
5 
11.3 
5 
11.3 


ICC 
Supply current 
VO=O, 
No load 
MINTA 
6 
13.7 
6 
13.3 
6 
13.7 
mA 
(all four amplifiers) 
MAXTA 
4.5 
10 
4.5 
10 
4.5 
10 


Total power 
25°C 
150 
340 
150 
340 
150 
340 
Po 
dissipation 
VO=O, 
No load 
MINTA 
180 
400 
180 
400 
180 
400 
mW 
(all four amplifiers) 
MAXTA 
135 
300 
135 
300 
135 
300 


Crosstalk 
AVO = 100, 


attenuation 
f = 10 kHz, 
25°C 
105 
105 
105 
dB 
(V01IV02) 
RS= 
1 kn 


, This parameter is not production tested. 
t All characteristics 
are measured under open-loop conditions with zero common-mode 
input voltage unless otherwise specified. Full range is O°C 
to 70°C for RC4136, -55°C to 125°C for RM4136, and-40°C 
to 85°C for RV4136. Minimum TA is O°Cfor RC4136, -55°C 
for RM4136, and-40°C 
for RV4136. Maximum TA is 70°C for RC4136, 125°C for RM4136, and 85°C for RV4136. 


~TEXAS 
INSTRUMENTS 


RC4136, RM4136, RV4136 
QUAD GENERAL·PURPOSE 
OPERATIONAL AMPLIFIERS 


RC4136, RV4136 
RM4136 
PARAMETER 
TEST CONDITIONS 
UNIT 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


tr 
Rise time 
VI =20 
mV, 
RL = 2 kn, 
0.13 
0.13 


Overshoot factor 
CL = 100 pF 
5% 
5% 
Ils 


SR 
Slew rate at unity gain 
VI= 
10V, 
RL = 2 kQ, 
1.7 
1.7 
VIIlS 
CL=100pF 


'!!1 TEXAS 
INSTRUMENTS 


RC4558, RC4558Y, RM4558, RV4558 
DUAL GENERAL-PURPOSE 
OPERATIONAL 
AMPLIFIERS 


• 
Continuous-Short-Circuit 
Protection 


• 
Wide Common-Mode 
and Differential 
Voltage Ranges 


• 
No Frequency Compensation 
Required 


• 
Low Power Consumption 


• 
No Latch-Up 
• 
Unity Gain Bandwidth 
... 
3 MHz Typ 
• 
Gain and Phase Match Between Amplifiers 


• 
Low Noise ... 
8 nV,!Hi Typ at 1 kHz 


• 
Designed To Be Interchangeable 
With 
Raytheon RC4558, RM4558, and RV4558 


D, DB, JG, P, OR PW PACKAGE 
(TOP VIEW) 


10UT[J8 
VCC+ 
11N- 
2 
7 
20UT 


11N+ 
3 
6 
21N- 


VCC- 
4 
5 
21N+ 


description 


The RC4558, RM4558, and RV4558 are dual general-purpose operational amplifiers with each half electrically 
similar to the fJA741 except that offset null capability is not provided. 


The high common-mode input voltage range and the absence of latch-up make these amplifiers ideal for 
voltage-follower applications. The devices are short-circuit protected and the internal frequency compensation 
ensures stability without external components. 


The RC4558 is characterized for operation from O°Cto 70°C, the RM4558 is characterized for operation over 
the full military temperature range of -55°C to 125°C, and the RV4558 is characterized for operation from 
-40°C to 85°C. 


PACKAGED 
DEVICES 


TA 
Vlomax 
CHIP FORM 
AT 25°C 
SMAll 
OUTLINE 
ssoP 
CERAMIC 
DIP 
PLASTIC 
DIP 
SSOP 
M 
(D) 
(DBlE) 
(JG) 
(P) 
(PWlE) 


O°C to 
6mV 
RC4558D 
RC4558DBLE 
RC4558P 
RC4558PWLE 
RC4558Y 
70°C 
- 


-40°C 
to 
6mV 
RV4558D 
RV4558P 
85°C 
- 
- 
- 
- 


-55°C 
to 
6mV 
RM4558JG 
125°C 
- 
- 
- 
- 
- 


The D package is available taped and reeled. Add the suffix R to the device type (e.g., RC4558DR). 
The DB and PW packages are 
available only left-end taped and reeled. RC4558Y is tested at 25°C. 


~TEXAS 
INSTRUMENTS 


RC4558, RC4558Y, RM4558, RV4558 
DUAL GENERAL-PURPOSE 
OPERATIONAL AMPLIFIERS 


RC4558Ychip information 


These 
chips, 
properly 
assembled, 
display 
characteristics 
similar 
to the 
RC4558. 
Thermal 
compression 
or 
ultrasonic 
bonding 
may be used on the doped-aluminum 
bonding 
pads. Chips may be mounted 
with conductive 
epoxy or a gold-silicon 
preform. 


14 
49 
~ 


I1111I1111I11111111111111111111111111111111111111111111111 


IN+ 
(3) 


(2) 
OUT 
IN- 


IN+ 
OUT 
(6) 
IN- 


CHIP THICKNESS: 
15 TYPICAL 


BONDING 
PADS: 4 x 4 MINIMUM 


TJmax = 150°C 


TOLERANCES 
ARE ±10%. 


ALL DIMENSIONS 
ARE IN MILS. 


PIN (4) IS INTERNALLY 
CONNECTED 
TO BACKSIDE 
OF CHIP. 


~TEXAS 
INSTRUMENTS 


RC4558, RC4558Y, RM4558, RV4558 
DUAL GENERAL-PURPOSE 
OPERATIONAL AMPLIFIERS 


RC4558 
RM4558 
RV4558 
UNIT 


Supply voltage VCC+ (see Note 1) 
18 
22 
18 
V 


Supply voltage VCC- 
(see Note 1) 
-18 
-22 
-18 
V 


Differential input voltage (see Note 2) 
±30 
±30 
±30 
V 


Input voltage (any input, see Notes 1 and 3) 
±15 
±15 
±15 
V 


Duration of output short circuit to ground, one amplifier at a time (see Note 4) 
unlimited 
unlimited 
unlimited 


Continuous total dissipation 
See Dissipation Rating Table 


Operating free-air temperature 
range 
Oto 70 
-55 
to 125 
-40 
to 85 
°c 


Storage temperature 
range 
-65 
to 150 
-65 
to 150 
-65 
to 150 
°c 


Lead temperature 
1,6 mm (1/16 inch) from case for 60 seconds: JG package 
300 
°C 


Lead temperature 
1,6 mm (1/16 inch) from case for 10 seconds: D, DB, P, or PW pack- 
260 
260 
°C 
age 


NOTES: 
1. 
All voltage values, unless otherwise noted, are with respect to the midpoint between VCC+ and VCC-. 
2. 
Differential voltages are at IN+ with respect to IN-. 


3. 
The magnitude of the input voltage must never exceed the magnitude of the supply voltage or 15 V, whichever 
is less. 


4. 
Temperature and/or supply voltages must be limited to ensure that the dissipation rating is not exceeded. 


TA,,25°C 
DERATING FACTOR 
DERATE 
TA=70°C 
TA = 85°C 
TA = 125°C 


PACKAGE 
POWER RATING 
ABOVE TA = 25°C 
ABOVETA 
POWER RATING 
POWER RATING 
POWER RATING 


D 
680mW 
5.8 mW/oC 
33°C 
464mW 
377mW 
NlA 


DBorPW 
525mW 
4.2 mW/oC 
25°C 
336mW 
N/A 
N/A 


JG 
680mW 
8.4 mW/oC 
69°C 
672mW 
546mW 
210mW 


P 
680mW 
8.0 mW/oC 
65°C 
640mW 
520mW 
N/A 


~TExAS 
INSTRUMENTS 


RC4558, RC4558Y, RM4558, RV4558 
DUAL GENERAL-PURPOSE 
OPERATIONAL AMPLIFIERS 


MIN 
MAX 
UNIT 


Supply voltage, VCC+ 
5 
15 
V 


Supply voltage, VCC- 
-5 
-15 
V 


RC4558 
RM4558 
RV4558 
PARAMETER 
TEST CONDITIONSt 
UNIT 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


25°C 
0.5 
6 
0.5 
5 
0.5 
6 
Via 
Input offset voltage 
Vo=O 
mV 
Full range 
7.5 
6 
7.5 


25°C 
5 
200 
5 
200 
5 
200 
110 
Input offset current 
Vo=O 
nA 
Full range 
300 
500 
500 


25°C 
150 
500 
140 
500 
140 
500 
lIB 
Input bias current 
Vo=O 
nA 


Full range 
800 
1500 
1500 


VieR 
Common-mode input 
25°C 
±12 
±14 
±12 
±14 
±12 
±14 
V 
voltage range 


RL=10kfl 
25°C 
±12 
±14 
±12 
±14 
±12 
±14 


YOM 
Maximum output voltage 
RL = 2 kfl 
25°C 
±10 
±13 
±10 
±13 
±10 
±13 
V 
swing 


RL ~ 2 kfl 
Full range 
±10 
±10 
±10 


Large-signal differential 
RL ~ 2 kn, 
25°C 
20 
300 
50 
350 
20 
300 
Avo 
voltage amplification 
Vo=±10V 
V/mV 


Full range 
15 
25 
15 


B1 
Unity-gain bandwith 
25°C 
3 
2 
3.5 
3 
MHz 


rj 
Input resistance 
25°C 
0.3 
5 
0.3 
5 
0.3 
5 
MQ 


CMRR 
Common-mode rejection 
25°C 
70 
90 
70 
90 
70 
90 
dB 
ratio 


ksvs 
Supply voltage sensitivity 
Vee=±15 
25°C 
30 
150 
30 
150 
30 
150 
JlVN 
(tNlQitNecl 
Vto±9V 


Avo = 100, 


Vn 


Equivalent input noise 
Rs=100n, 
25°C 
8 
8 
8 
nV,JRz 
voltage (closed loop) 
f = 1 kHz, 
BW= 1 Hz 


25°C 
2.5 
5.6 
2.5 
5.6 
2.5 
5.6 


Ice 
Supply current (both 
Vo=O, 
MINTA 
3 
6.6 
3 
6.6 
3 
6.6 
mA 
amplifiers) 
No load 
MAXTA 
2.3 
5 
2 
5 
2.3 
5 


25°C 
75 
170 
75 
170 
75 
170 


Po 
Total power dissipation 
Vo=O, 
MINTA 
90 
200 
90 
200 
90 
200 
mW 
(both amplifiers) 
No load 
MAXTA 
70 
150 
60 
150 
70 
150 


Val/Va 
Crosstalk 
I Open loop 
Rs=1 
kQ, 
85 
85 
85 


attenuation 
IAvo=100 
f= 10kHz 
25°C 
dB 


2 
105 
105 
105 
t All characteristics 
are measured under open-loop conditions with zero common-mode 
input voltage unless otherwise specified. Full range is O°C 
to 70°C for RC4558, -55°C 
to 125°C for RM4558, and-40°C 
to 85°C for RV4558. 
Minimum TA is O°Cfor RC4558, -55°C 
for RM4558, and-40°C 
for RV4558. 
Maximum TA is 70°C for RC4558, 125°C for RM4558, and 85°C for RV4558. 


~TEXAS 
INSTRUMENTS 


RC4558, RC4558Y, RM4558, RV4558 
DUAL GENERAL-PURPOSE 
OPERATIONAL AMPLIFIERS 


PARAMETER 
TEST CONDITIONS 
MIN 
TYP 
MAX 
UNIT 


tr 
Rise time 
0.13 
ns 


Overshoot 
VI =20 
mV, 
RL = 2 kQ, 
CL=100pF 
5% 


SR 
Slew rate at unity gain 
VI= 
10V, 
RL = 2 kQ, 
CL=100pF 
1.1 
1.7 
V/IlS 


RC4558Y 
PARAMETER 
TEST CONDITIONST 
UNIT 
MIN 
TYP 
MAX 


VIO 
Input offset voltage 
VO=O 
0.5 
6 
mV 


110 
Input offset current 
VO=O 
5 
200 
nA 


liB 
Input bias current 
VO=O 
150 
500 
nA 


VICR 
Common-mode 
input voltage range 
±12 
±14 
V 


RL=10kn 
±12 
±14 
VOM 
Maximum output voltage swing 
V 
RL = 2 kn 
±12 
±13 


AVO 
Large-signal 
differential voltage amplification 
RL = 2 kn, 
VO=±10V 
20 
300 
V/mV 


Bl 
Unity-gain bandwidth 
3 
MHz 


ri 
Input resistance 
0.3 
5 
Mn 


CMRR 
Common-mode 
rejection ratio 
70 
90 
dB 


kSVS 
Supply voltage sensitivity (tNlo/8VCC) 
VCC=±15Vto±9V 
30 
150 
IlVN 


Vn 
Equivalent input noise voltage (closed-loop) 
AVO = 100, 
Rs= 
lOOn, 
f = 1 kHz, 
8 
nVVHZ 
BW = 1 Hz 


ICC 
Supply current (both amplifiers) 
VO=O, 
No load 
2.5 
5.6 
mA 


Po 
Total power dissipation (both amplifiers) 
VO=O, 
No load 
75 
170 
mW 
I Open loop 
85 
V011V02 
Crosstalk allentuation 
IAVO = 100 
RS = 1 kQ, 
f = 10 kHz 
dB 
105 


PARAMETER 
TEST CONDITIONS 
MIN 
TYP 
MAX 
UNIT 


tr 
Rise time 
0.13 
ns 


Overshoot 
VI =20 mV, 
RL=2 
kn, 
CL = 100 pF 
5% 


SR 
Slew rate at unity gain 
VI = 10V, 
RL = 2 kn, 
CL = 100 pF 
1.1 
1.7 
V/IlS 


~TEXAS 
INSTRUMENTS 


TL022C, TL022M 
DUAL LOW-POWER OPERATIONAL AMPLIFIERS 


• 
Very Low Power Consumption 


• 
Power Dissipation 
With ±2-V Supplies 
170 !!WTyp 


• 
Low Input Bias and Offset Currents 


• 
Output Short-Circuit 
Protection 


• 
Low Input Offset Voltage 
• 
Internal Frequency Compensation 


• 
Latch-Up-Free 
Operation 
• 
Popular Dual Operational 
Amplifier 
Pinout 


TL022M 
JG PACKAGE 
TL022C 
0 OR P PACKAGE 
(TOP VIEW) 


10UTu 


aVCC 


11N- 
2 
7 
20UT 


11N+ 
3 
6 
21N- 


GND 
4 
5 
21N+ 


TL022M 
IS NOT RECOMMENDED 
FOR 
NEW DESIGNS 


TL022M ... 
U PACKAGE 
(TOP VIEW) 


NC 
e1\.710 
NC 


lOUT 
2 
9 
VCC+ 
11N- 
3 
a 
20UT 


11N+ 
4 
7 
21N- 


VCC- 
5 
6 
21N+ 
description 


The TLD22 is a dual 
low-power 
operational 
amplifier 
designed 
to 
replace 
higher 
power 
devices in many applications without sacrificing 
system performance. High input impedance, low 
supply currents, and low equivalent input noise 
voltage over a wide range of operating supply 
voltages 
result 
in 
an 
extremely 
versatile 
operational amplifier for use in a variety of analog 
applications including battery-operated circuits. 
Internal frequency 
compensation, 
absence of 
latch-up, high slew rate, and output short-circuit 
protection assure ease of use. 


The TLD22C is characterized for operation from DOC to 7DoC. The TLD22M is characterized for operation over 
the full military temperature range of -55°C to 125°C. 


IN+=t>- 
OUT 
IN- 
- 


PACKAGE 


TA 
Vlomax 
SMALL OUTLINE 
CERAMIC DIP 
PLASTIC DIP 
AT 25°C 
CERAMIC FLAT PACK 
(D) 
(JG) 
(P) 
(U) 


O°Cto 70°C 
5mV 
TL022CD 
- 
TL022CP 
- 


- 55°C to 125°C 
5mV 
- 
TL022MJG 
- 
TL022MU 


~TEXAS 
INSTRUMENTS 


TL022C, TL022M 
DUAL LOW-POWER OPERATIONAL AMPLIFIERS 


OUT 
r--------------- 
rC~~~~~~, 
Each Amplifier 
I 
Amplifiers 
I 
VCC+ 


} 
ToOther 
Amplifier 


TL022C 
TL022M 
UNIT 


Supply voltage, VCC+ (see Note 1) 
18 
22 
V 


Supply voltage, VCe- 
(see Note 1) 
-18 
-22 
V 


Differential input voltage (see Note 2) 
±30 
±30 
V 


Input voltage (any input, see Notes 1 and 3) 
±15 
±15 
V 


Duration of output short circuit (see Note 4) 
unlimited 
unlimited 


Continuous total dissipation 
See Dissipation Rating Table 


Operating free-air temperature 
range 
Oto 70 
-55 
to 125 
°c 


Storage temperature 
range 
-65 
to 150 
-65 
to 150 
°c 


Lead temperature 
1,6 mm (1/16 inch) from case for 60 seconds 
IJG or U package 
300 
°C 


Lead temperature 
1,6 mm (1/16 inch) from case for 10 seconds 
I D or P package 
260 
°C 


NOTES: 
1. All voltage values, unless otherwise noted, are with respect to the midpoint between VCC+ and VCe-. 
2. 
Differential voltages are at IN+ with respect to IN-. 


3. 
The magnitude of the input voltage must never exceed the magnitude of the supply voltage or 15 V, whichever 
is less. 


4. 
The output may be shorted to ground or either power supply. For the TL022M only, the unlimited duration of the short circuit applies 
at (or below) 125°C case temperature 
or 75°C free-air temperature. 


PACKAGE 
TA:5 25°C 
DERATING 
DERATE 
TA=70°C 
TA = 125°C 
POWER RATING 
FACTOR 
ABOVETA 
POWER RATING 
POWER RATING 


D 
680mW 
5.8 mW/oC 
33°C 
464mW 
- 


JG 
680mW 
8.4mW/"C 
69°C 
672mW 
210mW 


P 
680mW 
8.0mW/oC 
65°C 
640mW 
- 


U 
675mW 
5.4mW/oC 
25°C 
432mW 
135mW 


~TEXAS 
INSTRUMENTS 


TL022C, TL022M 
DUAL LOW-POWER OPERATIONAL AMPLIFIERS 


MIN 
MAX 
UNIT 


Supply voltage, VCC+ 
5 
15 
V 


Supply voltage, VCC- 
-5 
-15 
V 


TEST CONDITIONSt 
TL022C 
TL022M 
PARAMETER 
UNIT 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


VO=O, 
25°C 
1 
5 
1 
5 
VIO 
Input offset voltage 
mV 
RS=5011 
Full range 
7.5 
6 


25°C 
15 
80 
5 
40 
110 
Input offset current 
VO=O 
nA 
Full range 
200 
100 


25°C 
100 
250 
50 
100 
liB 
Input bias current 
VO=O 
nA 
Full range 
400 
250 


Common-mode 
input 
25°C 
±12 
±13 
±12 
±13 
VICR 
voltage range 
V 
Full range 
±12 
±12 


Maximum peak-to-peak 
RL= 10kn 
25°C 
20 
26 
20 
26 
VO(PP) 
V 
output voltage swing 
RL'" 10 kQ 
Full range 
20 
20 


Large-signal 
differehtial 
RL'" 
10kn, 
25°C 
60 
80 
72 
86 
AVO 
dB 
voltage amplification 
Vo = ±10 V 
Full range 
60 
66 


B1 
Unity-gain bandwidth 
25°C 
0.5 
0.5 
MHz 


Common-mode 
rejection 
VIC = VICRmin, 
25°C 
60 
72 
60 
72 
CMRR 
dB 
ratio 
RS =5011 
Full range 
60 
60 


Supply voltage sensitivity 
VCC=±9Vto±15V, 
25°C 
30 
200 
30 
150 
kSVS 
(6VI0/6VCC) 
RS =5011 
Full range 
200 
150 
IlVN 


Vn 
Equivalent input noise 
AVO=20dB, 
f= 
1 kHz 
25°C 
50 
50 
nV/Hz 
voltage 
B= 1 Hz, 


10S 
Short-circuit 
output current 
25°C 
±6 
±6 
mA 


Supply current (both 
25°C 
130 
250 
130 
250 


ICC 
amplifiers) 
VO=O, 
No load 
!J.A 
Full range 
250 
250 


Total dissipation 
25°C 
3.9 
7.5 
3.9 
6 
Po 
(both amplifiers) 
Vo 
=0, 
No load 
mW 


Full range 
7.5 
6 


t All characteristics 
are measured under open-loop conditions with zero common-mode 
input voltage unless otherwise specified. Full range for 
TL022C is O°C to 70°C and for TL022M is -55°C 
to 125°C. 


PARAMETER 
TEST CONDITIONS 
MIN 
TYP 
MAX 
UNIT 


tr 
Rise time 
0.3 
Ils 


Overshoot factor 
VI =20 mV, 
RL = 10 k11, 
CL= 100pF, 
See Figure 1 
5% 


SR 
Slew rate at unity gain 
VI= 
10V, 
RL=10kn, 
CL= 100 pF, 
See Figure 1 
0.5 
V/IlS 


~TEXAS 
INSTRUMENTS 


TL022C, TL022M 
DUAL LOW-POWER OPERATIONAL AMPLIFIERS 


TEST CIRCUIT 


Figure 1. Rise Time, Overshoot 
Factor, and Slew Rate 


TOTAL POWER DISSIPATION 
vs 
SUPPLY RATE 


10 


:= 
7 
E 
1 
4 
I:0~ 
Q. 


2 
'iij 
III 
is 
:;; 
1 
~ 
0 
0.7 
l1. 
S~ 
0.4 
I 
rE 
0.2 


No Load 
No Signal 
- 
TA=25°C 
..••. 
/', 


1/ 


I 
I 


I 


2 
4 
6 
8 
10 
12 
14 
16 
18 
20 


IVCC± I - Supply 
Voltage - V 


~TEXAS 
INSTRUMENTS 


TL03x, TL03xA,TL03xY 
ENHANCED·JFET LOW·POWER LOW·OFFSET 
OPERATIONAL AMPLIFIERS 
SLOS180 
- FEBRUARY 
1997 


• 
Direct Upgrades for the TL06x Low-Power 
BiFETs 


• 
Low Power Consumption 
6.5 mW/Channel Typ 


• 
On-Chip Offset Voltage Trimming 
For 
Improved DC Performance 
(1.5 mV, TL031 A) 


• 
Higher Slew Rate And Bandwidth 
Without 
Increased Power Consumption 


• 
Available in TSSOP For Small Form-Factor 
Designs 


description 


The TL03x series of JFET-input operational amplifiers offer improved de and ac characteristics over the TL06x 
family of low power BiFET operational amplifiers. On-chip zener trimming of offset voltage yields precision 
grades as low as 1.5 mV (TL031A) for greater accuracy in dc-coupled applications. Texas Instruments improved 
BiFET process and optimized designs also yield improved bandwidths and slew rates without increased power 
consumption. The TL03x devices are pin-compatible with the TL06x and can be used to upgrade existing 
circuits or for optimal performance in new designs. 


BiFET operational amplifiers offer the inherently higher input impedance of the JFET-input transistors, without 
sacrificing the output drive associated with bipolar amplifiers. This higher input impedance makes the TL3x 
amplifiers better suited for interfacing with high-impedance sensors or very low-level ac signals. These devices 
also feature inherently better ac response than bipolar or CMOS devices having comparable 
power 


consumption. 


The TL03x family has been optimized for micropower operation, while improving on the performance of the 
TL06x series. Designers requiring significantly faster ac response should consider the Excalibur TLE206x 
family of low power BiFET operational amplifiers. 
AVAILABLE 
OPTIONS 


PACKAGED 
DEVICES 


VIOmax 
SMALL 
CHIP 
CERAMIC 
CERAMIC 
PLASTIC 
PLASTIC 
CHIP 
TA 
AT 25°C 
OUTLINEt 
CARRIER 
DIP 
DIP 
DIP 
DIP 
TSSOP 
FORM* 


(D) 
(FK) 
(J) 
(JG) 
(N) 
(P) 
(PW) 
(V) 


O.8mV 
TL031ACD 
TL031ACP 
TL032ACD 
- 
- 
- 
- 
TL032ACP 
- 


TL031CD 
TL031Y 


O°C to 70°C 
TL031CP 
TL032Y 
1.5 mV 
TL032CD 
- 
- 
- 
TL034ACN 
TL032CP 
- 
TL034Y 
TL034ACD 


4mV 
TL034CD 
- 
- 
- 
TL034CN 
TL034CPW 


O.8mV 
TL031AID 
- 
- 
- 
TL031 AlP 
TL032AID 
- 
TL032AIP 
- 
- 


-40°C 
to 85°C 
TL0311D 
TL0311P 
1.5mV 
TL0321D 
- 
- 
- 
TL034AIN 
TL0321P 
- 
- 
TL034AID 


4mV 
TL0341D 
- 
- 
- 
TL0341N 
- 
- 
- 


O.8mV 
TL031AMD 
TL031AMFK 
TL031AMJG 
TL031AMP 
TL032AMD 
TL032AMFK 
- 
TL032AMJG 
- 
TL032AMP 
- 
- 


-55°C 
to 125°C 
TL031MD 
TL031MFK 
TL031MJG 
TL031MP 
1.5 mV 
TL032MD 
TL032MFK 
TL034AMJ 
TL032MJG 
TL034AMN 
TL032MP 
- 
- 
TL034AMD 
TL034AMFK 


4 mV 
TL034MD 
TL034MFK 
TL034MJ 
- 
TL034MN 
- 
- 
- 


t The D packages are available taped and reeled and is indicated by adding an R suffix to device type (e.g., TL034CDR). 
:j: Chip forms are tested at 25°C. 


PRODUCTION DATA Information 
is current 
as of publication 
date. 


Products 
conform 
to speclflcations 
per the terms 
of Texas 
Instruments 
standard 
warranty. 
Production 
processing 
does 
not necessarily 
include 
testing of all parameters. 
~TEXAS 
INSTRUMENTS 


TL03x, TL03xA, TL03xY 
ENHANCED-JFET 
LOW-POWER LOW-OFFSET 
OPERATIONAL AMPLIFIERS 
SLOS180- 
FEBRUARY 
1997 


Because 
BiFET 
operational 
amplifiers 
are designed 
for use with dual power 
supplies, 
care must be taken to 
observe 
common-mode 
input voltage 
limits and output swing when operating 
from a single supply. DC biasing 
of the input signal 
is required 
and loads should 
be terminated 
to a virtual 
ground 
node at mid-supply. 
Texas' 


, Instruments 
TLE2426 
integrated 
virtual ground generator 
is useful when operating 
BiFET amplifiers 
from single 
supplies. 


The TL03x 
are fUlly specified 
at ±15 V and ±5 V. For operation 
in low-voltage 
and/or 
single-supply 
systems, 


Texas Instruments 
LinCMOS 
families 
of operational 
amplifiers 
(TLC-prefix) 
are recommended. 
When 
moving 
from BiFET to CMOS 
amplifiers, 
particular 
attention 
should 
be paid to slew rate and bandwidth 
requirements, 
and output 
loading. 
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(TOP VIEW) 
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TL032x, TL032Ax 
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:::=t>-0UT 


See Note A {OFFSET 
N1 
OFFSETN2 


~TEXAS 
INSTRUMENTS 


TL03x,TL03xA,TL03xY 
ENHANCED·JFET LOW·POWER LOW·OFFSET 
OPERATIONAL AMPLIFIERS 
SLOS180 
- FEBRUARY 
1997 


TL031Y 
chip information 


This chip, when properly assembled, displays characteristics similar to the TL031C. Thermal compression or 
ultrasonic bonding may be used on the doped-aluminum bonding pads. These chips may be mounted with 
conductive epoxy or a gold-silicon preform. 


OFFSETN1 


OFFSETN2 


CHIP THICKNESS: 
15 MilS 
TYPICAL 


BONDING 
PADS: 4 x 4 MilS 
MINIMUM 


TJmax = 150°C 


TOLERANCES 
ARE ±10%. 


All 
DIMENSIONS 
ARE IN MilS. 


PIN (4) IS INTERNAllY 
CONNECTED 
TO BACKSIDE 
OF THE CHIP. 
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TL032Y chip information 


This chip, when properly assembled, displays characteristics similar to the TL032C. Thermal compression or 
ultrasonic bonding may be used on the doped-aluminum bonding pads. These chips may be mounted with 
conductive epoxy or a gold-silicon preform. 


11N+ 
(3) 


(2) 
10UT 
11N- 


21N+ 
20UT 
(6) 
21N- 


VCe- 


CHIP THICKNESS: 
15 MILS TYPICAL 


BONDING 
PADS: 4 x 4 MILS MINIMUM 


TJmax = 150°C 


TOLERANCES 
ARE ±10%. 


ALL DIMENSIONS 
ARE IN MILS. 


PIN (4) IS INTERNALLY 
CONNECTED 
TO BACKSIDE 
OF CHIP. 


~ 
~ 
~ 


1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1' 
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TL034Y chip information 


This chip, when properly assembled, displays characteristics similar to the TL034C. Thermal compression or 
ultrasonic bonding may be used on the doped-aluminum bonding pads. These chips may be mounted with 
conductive epoxy or a gold-silicon preform. 


11N+ 
(3) 


(2) 
10UT 
11N- 


21N+ 
20UT 
21N- 


31N+ 


30UT 
31N- 


41N+ 
40UT 
41N- 


CHIP THICKNESS: 
15 MILS TYPICAL 


BONDING 
PADS: 4 x 4 MILS MINIMUM 


TJmax = 150°C 


TOLERANCES 
ARE ±10%. 


ALL DIMENSIONS 
ARE IN MILS. 


PIN (11) IS INTERNALLY 
CONNECTED 
TO BACKSIDE 
OF THE CHIP. 
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 


Supply voltage, Vcc+ (see Note 1) 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 
18 V 
Supply voltage, VCC- (see Note 1) 
-18 V 
Differential input voltage, VID (see Note 2) 
±30 V 
Input voltage, VI (any input) (see Notes 1 and 3) 
±15 V 
Input current, II (each input) 
±1 mA 
Output current, 10 (each output) 
±40 mA 
Total current into VCC+ 
160 mA 
Total current out of Vcc- 
160 mA 
Duration of short-circuit current at (or below) 25°C (see Note 4) 
.. . . . . . . . . . . . . . . . . . . . . . . . . .. 
unlimited 
Continuous total power dissipation 
See Dissipation Rating Table 
Operating free-air temperature, TA: C suffix 
O°Cto 70°C 
I suffix 
-40°C to 85°C 
M suffix 
-55°C to 125°C 
Storage temperature range,Tstg 
-65°C to 150°C 
Case temperature for 60 seconds: FK package 
260°C 
Lead temperature 1,6 mm (1 /16 inch) from case for 10 seconds: D, N, P,or PW package 
. . . . . . .. 
260°C 
Lead temperature 1,6 mm (1 /16 inch) from case for 60 seconds: J or JG package 
300°C 


t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional 
operation of the device at these or any other conditions 
beyond those indicated under "recommended 
operating conditions" 
is not 


implied. Exposure to absolute-maximum-rated 
conditions for extended periods may affect device reliability. 


NOTES: 
1. 
All voltage values, except differential voltages, are with respect to the midpoint between VCC+ and VCC-. 


2. 
Differential voltages are at IN+ with respect to IN-. 


3. 
The magnitude of the input voltage must never exceed the magnitude of the supply voltage or 15 V, whichever 
is less. 


4. 
The output may be shorted to either supply. Temperature 
and/or supply voltages must be limited to ensure that the maximum 
dissipation rating is not exceeded. 


PACKAGE 
TA:525°C 
DERATING FACTOR 
TA = 70°C 
TA = 85°C 
TA = 125°C 
POWER RATING 
ABOVE TA = 25°C 
POWER RATING 
POWER RATING 
POWER RATING 


D 
950mW 
7.6mW/oC 
608mW 
494mW 
190mW 


FK 
1375mW 
11.0 mW/oC 
880mW 
715mW 
275mW 


J 
1375mW 
11.0 mW/oC 
880mW 
715mW 
275mW 


JG 
1050mW 
8.4 mW/oC 
672mW 
546mW 
210mW 


N 
1150mW 
9.2 mW/oC 
736mW 
598 mW 
230mW 


P 
1100mW 
8.0mW/oC 
640mW 
520mW 
200mW 


PW 
700mW 
5.6mW/oC 
448mW 
N/A 
N/A 


C SUFFIX 
I SUFFIX 
M SUFFIX 
UNIT 
MIN 
MAX 
MIN 
MAX 
MIN 
MAX 


Supply voltage, VCC± 
±5 
±15 
±5 
±15 
±5 
±15 
V 


IVCC+=±5V 
-1.5 
4 
-1.5 
4 
-1.5 
4 
Common-mode 
input voltage, VIC 
IVCC+;±15V 
V 
-11.5 
14 
-11.5 
14 
-11.5 
14 


Operating free-air temperature, 
TA 
0 
70 
-40 
85 
-55 
125 
°c 
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TL031C, TL031AC 


PARAMETER 
TEST CONDITIONS 
TAt 
VCC+= 
±5V 
VCC±= 
±15V 
UNIT 


MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


25°C 
0.54 
3.5 
0.5 
1.5 
TL031C 
Full range 
4.5 
2.5 
VIO 
Input offset voltage 
mV 
25°C 
0.41 
2.8 
0.34 
0.8 
TL031AC 
Full range 
3.8 
1.8 
VO=O, 


25°C to 
VIC=O, 
TL031C 
70°C 
7.1 
5.9 


aVIO 
Temperature coefficient of 
RS =50Q 
',lV/oC 
input offset voltage:!: 
TL031AC 
25°C to 
7.1 
5.9 
25 
70°C 


Input offset voltage 
25°C 
0.04 
0.04 
',lV/mo 
long-term drift§ 


VO=O, 
VIC=O, 
25°C 
1 
100 
1 
100 
110 
Input offset current 
See Figure 5 
70°C 
9 
200 
12 
200 
pA 


VO=O, 
VIC=O, 
25°C 
2 
200 
2 
200 
liB 
Input bias current 
See Figure 5 
70°C 
50 
400 
80 
400 
pA 


-1.5 
-3.4 
-11.5 
-13.4 


25°C 
to 
to 
to 
to 


Common-mode 
input 
4 
5.4 
14 
15.4 
VICR 
V 
voltage range 
-1.5 
-11.5 
Full range 
to 
to 


.4 
14 


25°C 
3 
4.3 
13 
14 


VOM+ 
Maximum positive peak 
RL= 
10 kQ 
O°C 
3 
4.2 
13 
14 
V 
output voltage swing 
70°C 
3 
4.3 
13 
14 


25°C 
-3 
-4.2 
-12.5 
-13.9 


VOM- 
Maximum negative peak 
RL= 
10 kQ 
O°C 
-3 
-4.1 
-12.5 
-13.9 
V 
output voltage swing 
70°C 
-3 
-4.2 
-12.5 
-14 


25°C 
4 
12 
5 
14.3 


AVD 
Large-signal 
differential 
RL= 
10 kQ 
O°C 
3 
11.1 
4 
13.5 
V/mV 
voltage amplification~ 
70°C 
4 
13.3 
5 
15.2 


r; 
Input resistance 
25°C 
1012 
1012 
Q 


ci 
Input capacitance 
25°C 
5 
4 
pF 


25°C 
70 
87 
75 
94 


CMRR 
Common-mode 
VIC = VICRmin, 
O°C 
70 
87 
75 
94 
dB 
rejection ratio 
VO=O, 
RS = 50Q 
70°C 
70 
87 
75 
94 


25°C 
75 
96 
75 
96 


kSVR 
Supply-voltage 
rejection ratio 
VO=O, 
RS =50Q 
O°C 
75 
96 
75 
96 
dB 
(Ll.VCC±/Ll.VIO) 
70°C 
75 
96 
75 
96 


t Full range is O°C to 70°C. 
:!:This parameter is tested on a sample basis forthe TL031 A. For other test requirements, 
please contact the factory. This statement has no bearing 
on testing or nontesting of other parameters. 
§ Typical values are based on the input offset voltage shift observed through 168 hours of operating life test at TA = 150°C extrapolated 
to TA = 
25°C using the Arrhenius equation and assuming an activation energy of 0.96 eV. 


~AtVCC±= 
±5 V, Vo =±2.3 
V; at VCC± =±15 
V, Vo = ±10 V. 
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TL031C, TL031AC 


PARAMETER 
TEST CONDITIONS 
TA 
VCC+= 
±5V 
VCC+= 
±15V 
UNIT 


MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


25°C 
1.9 
2.5 
6.5 
8.4 


PD 
Total power dissipation 
VO=O, 
No load 
ooe 
1.8 
2.5 
6.3 
8.4 
mW 


70°C 
1.9 
2.5 
6.3 
8.4 


25°C 
192 
250 
217 
280 


Ice 
Supply current 
VO=O, 
No load 
ooe 
184 
250 
211 
280 
~ 


70°C 
189 
250 
210 
280 


TL031 C, TL031 AC 


PARAMETER 
TEST CONDITIONS 
TA 
VCC+=±5V 
VCC±=±15V 
UNIT 


MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


25°C 
2 
1.5 
2.9 


SR+ 
Positive slew rate at 
ooe 
1.8 
1 
2.6 
V/jlS 
unity gaint 
RL=10kQ, 
eL = 100 pF, 
70°C 
2.2 
1.5 
3.2 


See Figure 1 
25°C 
3.9 
1.5 
5.1 


SR- 
Negative slew rate at 
ooe 
3.7 
1.5 
5 
V/jlS 
unity gaint 
70°C 
4 
1.5 
5 


VI(PP) = ± 10 mV, 
25°C 
138 
132 


tr 
Rise time 
RL=10kQ, 
eL = 100 pF, 
ooe 
134 
127 
ns 
See Figures 1 and 2 
70°C 
150 
142 


VI(PP) = ± 10 mV, 
25°C 
138 
132 


tl 
Fall time 
RL=10kQ, 
eL = 100 pF, 
ooe 
134 
127 
ns 
See Figure 1 
70°C 
150 
142 


VI(PP) = ± 10 mV, 
25°C 
11% 
50/0 


Overshoot lactor 
RL=10kQ, 
eL = 100 pF, 
ooe 
10% 
4% 


See Figures 1 and 2 
70°C 
12% 
6% 


1= 10 Hz 
61 
61 
TL031e 
25°C 
Equivalent input 
RS = 20 Q, 
1=1 
kHz 
41 
41 
Vn 
nV/VHZ 
noise voltage; 
See Figure 3 
1= 10 Hz 
61 
61 
TL031Ae 
25°C 
1= 1 kHz 
41 
41 
60 


In 
Equivalent input noise 
1= 1 kHz 
25°C 
0.003 
0.003 
pAlVHZ 
current 


25°C 
1 
1.1 


61 
Unity-gain bandwidth 
V,=10mV, 
RL = 10 kn, 
ooe 
1 
1.1 
MHz 
eL = 25 pF, 
See Figure 4 
70°C 
1 
1 


25°C 
61° 
65° 


<l>m 
Phase margin at unity gain 
VI = 10 mV, 
RL=10kQ, 
ooe 
61° 
65° 
eL = 25 pF, 
See Figure 4 
70°C 
60° 
64° 


t ForVee±= 
± 5 V, VI(PP) = ±1 V; lor Vee± 
= ±15 V, VI(PP) = ± 5 V. 


; This parameter is tested on a sample basis. For other test requirements, 
please contact the lactory. This statement has no bearing on testing 


or nontesting 01other parameters. 
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TL031I, TL031AI 


PARAMETER 
TEST CONDITIONS 
TAt 
VCC+= 
±5V 
VCC+= 
±15V 
UNIT 


MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


25°C 
0.54 
3.5 
0.5 
1.5 
TL031 I 
Full range 
5.3 
3.3 
VIO 
Input offset voltage 
mV 
25°C 
0.41 
2.8 
0.34 
0.8 
TL031AI 
Full range 
4.6 
2.6 
VO=O, 
25°C to 
VIC=O, 
TL031 I 
85°C 
6.5 
6.2 


aVIO 
Temperature coefficient of 
RS =50Q 
ilV/oC 
input offset volta gel 
TL031AI 
25°C to 
6.5 
6.2 
25 
85°C 


Input offset voltage 
25°C 
0.04 
0.04 
ilV/mO 
long-term drlft§ 


VO=O, 
VIC=O, 
25°C 
1 
100 
1 
100 
pA 
110 
Input offset current 
See Figure 5 
85°C 
0.02 
0.45 
0.02 
0.45 
nA 


VO=O, 
VIC=O, 
25°C 
2 
200 
2 
200 
pA 
liB 
Input bias current 
See Figure 5 
85°C 
0.2 
0.9 
0.2 
0.9 
nA 


-1.5 
-3.4 
-11.5 
-13.4 


25°C 
to 
to 
to 
to 


Common-mode 
input 
4 
5.4 
14 
15.4 
VICR 
V 
voltage range 
-1.5 
-11.5 


Fuil range 
to 
to 
4 
14 


25°C 
3 
4.3 
13 
14 


VOM+ 
Maximum positive peak 
RL= 
10 kQ 
-40°C 
3 
4.1 
13 
14 
V 
output voitage swing 
85°C 
3 
4.4 
13 
14 


25°C 
-3 
-4.2 
-12.5 
-13.9 


VOM- 
Maximum negative peak 
RL=10kQ 
-40°C 
-3 
-4.1 
-12.5 
-13.8 
V 
output voltage swing 
85°C 
-3 
-4.2 
-12.5 
-14 


25°C 
4 
12 
5 
14.3 


AVO 
Large-signal 
differential 
RL=10kQ 
-40°C 
3 
8.4 
4 
11.6 
V/mV 
voltage amplification '!I 
85°C 
4 
13.5 
5 
15.3 


ri 
Input resistance 
25°C 
1012 
1012 
Q 


ci 
Input capacitance 
25°C 
5 
4 
pF 


25°C 
70 
87 
75 
94 


CMRR 
Common-mode 
VIC = VICRmin, 
-40°C 
70 
87 
75 
94 
dB 
rejection ratio 
VO=O, 
RS =50Q 
85°C 
70 
87 
75 
94 


25°C 
75 
96 
75 
96 


kSVR 
Supply-voltage 
rejection 
VO=O, 
RS =50Q 
-40°C 
75 
96 
75 
96 
dB 
ratio (IlVCC±/1l 
VIO) 
85°C 
75 
96 
75 
96 
t Full range is -40°C 
to 85°C. 
l This parameter is tested on a sample basis for the TL031 A. For other test requirements, please contact the factory. This statement has no bearing 
on testing or nontesting of other parameters. 
§ Typical values are based on the input offset voltage shift observed through 168 hours of operating life test at TA = 150°C extrapolated 
to TA = 
25°C using the Arrhenius equation and assuming an activation energy of 0.96 eV. 


'!I At VCC± = ±5 V, Vo = ±2.3 V; atVcc± 
= ±15 V, Vo =±10 
V. 


~TEXAS 
INSTRUMENTS 


TL03x,TL03xA,TL03xY 
ENHANCED-JFET LOW·POWER LOW·OFFSET 
OPERATIONAL AMPLIFIERS 
SLOS180- 
FEBRUARY 
1997 


TL031I. TL031 AI 


PARAMETER 
TEST CONDITIONS 
TA 
VCC+= 
±5V 
VCC+ = ±15V 
UNIT 


MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


25'C 
1.9 
2.5 
6.5 
8.4 


PD 
Total power dissipation 
VO=O, 
No load 
-40'C 
1.4 
2.5 
5.4 
8.4 
mW 


85'C 
1.9 
2.5 
6.2 
8.4 


25'C 
192 
250 
217 
280 


ICC 
Supply current 
VO=O, 
No load 
-40'C 
144 
250 
181 
280 
~ 


85'C 
189 
250 
207 
280 


TL031I, TL031 AI 


PARAMETER 
TEST CONDITIONS 
TA 
VCC+=±5V 
VCC+=±15V 
UNIT 


MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


25'C 
2 
1.5 
2.9 


SR+ 
Positive slew rate at 
-40'C 
1.6 
1 
2.1 
YIJls 
unity gaint 
RL = 10 kQ, 
CL = 100 pF, 
85°C 
2.3 
1.5 
3.3 


See Figure 1 
25°C 
3.9 
1.5 
5.1 


SR- 
Negative slew rate at 
-40°C 
3.3 
1.5 
4.8 
V/Jls 
unity gaint 
85°C 
4.1 
1.5 
4.9 


VI(PP) = ± 10 mY, 
25°C 
138 
132 


tr 
Rise time 
RL = 10 kQ, 
CL = 100 pF, 
-40°C 
132 
123 
ns 
See Figures 1 and 2 
85°C 
154 
146 


VI(PP) = ±10 mY, 
25°C 
138 
132 


tf 
Fall time 
RL = 10 kQ, 
CL = 100 pF, 
-40°C 
132 
123 
ns 
See Figure 1 
85°C 
154 
146 


VI(PP) = ± 10 mV, 
25°C 
11% 
5% 


Overshoot factor 
RL= 
10 kQ, 
CL = 100 pF, 
-40°C 
12% 
5% 


See Figures 1 and 2 
85°C 
13% 
7% 


1= 10 Hz 
61 
61 
TL031 I 
25°C 
Equivalent input 
RS =20Q, 
1=1 
kHz 
41 
41 
Vn 
noise voltage:f: 
See Figure 3 
1= 10 Hz 
61 
61 
nV/..{Hz 


TL031AI 
25°C 
1=1 
kHz 
41 
41 
60 


In 
Equivalent input noise 
1=1 
kHz 
25°C 
0.003 
0.003 
pAl..{Hz 
current 


25°C 
1 
1.1 


B1 
Unity-gain bandwidth 
VI=10mV, 
RL = 10 kQ, 
-40°C 
1 
1.1 
MHz 
CL = 25 pF, 
See Figure 4 
85°C 
0.9 
1 


25°C 
61° 
65° 


<l>m 
Phase margin at unity gain 
VI=10mV, 
RL = 10 kQ, 
-40°C 
60° 
65° 
CL = 25 pF, 
See Figure 4 
85'C 
60° 
64° 


t For VCC± = ± 5 V, VI(PP) = ±1 V; lor VCC± = ±15 V, VI(PP) = ± 5 V. 
:f:This parameter is tested on a sample basis. For other test requirements, 
please contact the lactory. This statement 
has no bearing on testing 
or nontesting 01other parameters. 


~TEXAS 
INSTRUMENTS 


TL03x, TL03xA, TL03xY 
ENHANCED·JFET LOW·POWER LOW·OFFSET 
OPERATIONAL AMPLIFIERS 
SLOS180 
- FEBRUARY 
1997 


Tl031M, 
TlO31AM 


PARAMETER 
TEST CONDITIONS 
TAt 
VCC+=±5V 
VCC+ = ±15 V 
UNIT 


MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


25°C 
0.54 
3.5 
0.5 
1.5 
TL031M 
Full range 
65 
4.5 
VIO 
Input offset voltage 
mV 
25°C 
0.41 
2.8 
0.34 
0.8 
TL031AM 
Full range 
5.8 
3.8 
VO=O, 
25°C to 
VIC=O, 
TL031M 
5.1 
4.3 
Temperature coefficient of 
RS=50 
Q 
125°C 
aVIO 
input offset voltage 
25°C to 
!lV/oC 


TL031AM 
125°C 
, 
5.1 
4.3 


Input offset voltage 
25°C 
0.04 
0.04 
!lV/mo 
long-term driftl 


VO=O, 
V'C=O, 
25°C 
1 
100 
1 
100 
pA 
110 
Input offset current 
See Figure 5 
125°C 
0.2 
10 
0.2 
10 
nA 


VO=O, 
VIC=O, 
25°C 
2 
200 
2 
200 
pA 
liB 
Input bias current 
See Figure 5 
125°C 
7 
20 
8 
20 
nA 


-1.5 
-3.4 
-11.5 
-13.4 


25°C 
to 
to 
to 
to 


Common-mode 
input 
4 
5.4 
14 
15.4 
VICR 
V 
voltage range 
-1.5 
-11.5 
Full range 
to 
to 
4 
14 


25°C 
3 
4.3 
13 
14 


VOM+ 
Maximum positive peak 
RL = 10 kQ 
-55°C 
3 
4.1 
13 
14 
V 
output voltage swing 
125°C 
3 
4.4 
13 
14 


25°C 
-3 
-4.2 
-12.5 
-13.9 


VOM- 
Maximum negative peak 
RL = 10 kQ 
-55°C 
-3 
-4 
-12.5 
-13.8 
V 
output voltage swing 
125°C 
-3 
-4.3 
-12.5 
-14 


25°C 
4 
12 
5 
14.3 


AVO 
Large-signal 
differential 
RL = 10 kQ 
-55°C 
3 
7.1 
4 
10.4 
V/mV 
voltage amplification§ 
125°C 
3 
12.9 
4 
15 


r; 
Input resistance 
- 
25°C 
1012 
1012 
Q 


ci 
Input capacitance 
25°C 
5 
4 
pF 


VIC = VICRmin, 
25°C 
70 
87 
75 
94 


CMRR 
Common-mode 
-55°C 
87 
70 
94 
dB 
rejection ratio 
VO=O, 
RS = 50Q 
70 


125°C 
70 
87 
70 
94 


25°C 
75 
96 
75 
96 


kSVR 
Supply-voltage 
rejection 
VO=O, 
RS = 50 Q 
-55°C 
75 
96 
75 
95 
dB 
ratio (~VCC±/~VIO) 


125°C 
75 
96 
75 
96 


25°C 
1.9 
2.5 
6.5 
8.4 
Po 
Total power dissipation 
VO=O, 
No load 
-55°C 
1.1 
2.5 
4.7 
8.4 
mW 


125°C 
1.8 
2.5 
5.8 
8.4 
t Full range is - 55°C to 125°C. 
l Typical values are based on the input offset voltage shift observed 
through 
168 hours of operating 
life test at TA = 150°C extrapolated 
to 
TA = 25°C using the Arrhenius equation and assuming an activation energy of 0.96 eV. 


§AtVCC±=±5V,VO= 
±2.3V;atVcC±= 
±15V,VO= 
±10V. 
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INSTRUMENTS 


TL03x, TL03xA, TL03xY 
ENHANCED·JFET LOW-POWER LOW·OFFSET 
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Tl031M, 
Tl031AM 


PARAMETER 
TEST CONDITIONS 
TA 
VCC±=±5V 
VCC±=±15V 
UNIT 


MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


25°C 
192 
250 
217 
280 


ICC 
Supply current 
VO=O, 
No load 
-55°C 
114 
250 
156 
280 
llA 


125°C 
178 
250 
197 
280 


Tl031 M, Tl031 AM 


PARAMETER 
TEST CONDITIONS 
TA 
VCC±=±5V 
VCC+=±15V 
UNIT 


MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


25°C 
2 
1.5 
2.9 


SR+ 
Positive slew rate at 
-55°C 
1.4 
1 
1.9 
V/llS 
unity gaint 
RL = 10 kn, 
CL = 100 pF, 
125°C 
2.4 
1 
3.5 


See Figure 1 
25°C 
3.9 
1.5 
5.1 


SR- 
Negative slew rate at 
-55°C 
3.2 
1 
4.6 
V/llS 
unity gaint 
125°C 
4.1 
1 
4.7 


VI(PP) = ±10 mV, 
25°C 
138 
132 


tr 
Rise time 
RL = 10 kn, 
CL = 100 pF, 
-55°C 
142 
123 
ns 
See Figures 1 and 2 
125°C 
166 
158 


VI(PP) = ±10 mY, 
25°C 
138 
132 


tl 
Fall time 
RL = 10 kn, 
CL = 100 pF, 
-55°C 
142 
123 
ns 
See Figure 1 
125°C 
166 
158 


VI(PP) = ±10 mY, 
25°C 
11% 
5% 


Overshoot lactor 
RL=10kn, 
Cl = 100 pF, 
-55°C 
16% 
60/0 


See Figures 1 and 2 
125°C 
14% 
80/0 


1= 10 Hz 
61 
61 
TL031 M 
25°C 
Equivalent input 
RS = 20 n, 
1= 
1 kHz 
41 
41 
Vn 
noise voltage 
See Figure 3 
1= 10 Hz 
61 
61 
nV/'I'RZ 


TL031AM 
25°C 
- 
1=1 
kHz 
41 
41 


In 
Equivalent input noise 
1=1 
kHz 
25°C 
0.003 
0.003 
pN'I'RZ 
current 


25°C 
1 
1.1 


61 
Unity-gain bandwidth 
VI = 10 mV, 
RL = 10 kn, 
-55°C 
1 
1.1 
MHz 
CL = 25 pF, 
See Figure 4 
125°C 
0.9 
0.9 


25°C 
61° 
65° 


<l>m 
Phase margin at unity gain 
V,=10mV, 
RL = 10 kn, 
-55°C 
57° 
64° 
CL = 25 pF, 
See Figure 4 
125°C 
59° 
62° 


~TEXAS 
INSTRUMENTS 


TL03x, TL03xA, TL03xY 
ENHANCED-JFET 
LOW-POWER LOW-OFFSET 
OPERATIONAL AMPLIFIERS 
SLOS180- 
FEBRUARY 
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TL031Y 


PARAMETER 
TEST CONDITIONS 
VCC+= 
±5V 
VCC+ = ±15 V 
UNIT 


MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


VIO 
Input offset voltage 
0.54 
0.5 
mV 
VO=O, 
VIC=O, 


aVIO 
Temperature coefficient of 
RS = 50n 
7.1 
5.9 
JJ.V/oC 
input offset voltage 


110 
Input offset current 
VO=O, 
VIC=O, 
1 
1 
pA 


liB 
Input bias current 
See Figure 5 
2 
2 
pA 


-3.4 
-13.4 


VICR 
Common-mode 
input voltage range 
to 
to 
V 
5.4 
15.4 


VOM+ 
Maximum positive peak 
RL=10kn 
4.3 
14 
V 
output voltage swing 


VOM- 
Maximum negative peak 
RL=10kn 
-4.2 
-13.9 
V 
output voltage swing 


AVD 
Large-signal 
differential 
RL=10kn 
12 
14.3 
V/mV 
voltage amplification t 


'i 
Input resistance 
1012 
1012 
n 


ci 
Input capacitance 
5 
4 
pF 


CMRR 
Common-mode 
rejection ratio 
VIC = VICRmin, 
VO=O. 
87 
94 
dB 
RS=50n 


kSVR 
Supply-voltage 
rejection ratio 
VO=O. 
RS=50n 
96 
96 
dB 
(t..VCC±It..V,O) 


PD 
Total power dissipation 
1.9 
6.5 
mW 
VO=O. 
No load 
ICC 
Supply current 
192 
217 
JJ.A 


TL031Y 


PARAMETER 
TEST CONDITIONS 
VCC+=±5V 
VCC+=±15 
V 
UNIT 


MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


SR+ 
Positive slew rate at unity gaint 
RL = 10 k!l, 
CL = 100 pF, 
2 
2.9 
V/JJ.S 


SR- 
Negative slew rate at unity gaint 
See Figure 1 
3.9 
5.1 
V/JJ.s 


tr 
Rise time 
VI(PP) = ±10 mY, 
138 
132 
ns 


tf 
Fall time 
RL = 10 k!l, 
CL = 100 pF, 
138 
132 
ns 


Overshoot factor 
See Figures 1 and 2 
11% 
5% 


RS =20 n, 
If= 10 Hz 
61 
61 
Vn 
Equivalent input noise voltage:l: 
See Figure 3 If = 1 kHz 
41 
41 
nV/v'RZ 


In 
Equivalent input noise current 
f = 1 kHz 
0.003 
0.003 
pNv'RZ 


B1 
Unity-gain bandwidth 
VI=10mV, 
RL = 10 kQ, 
1 
1.1 
MHz 
CL =25 pF. 
See Figure 4 


qJm 
Phase margin at unity gain 
VI=10mV, 
RL=10kQ, 
61° 
65° 
CL =25 pF, 
See Figure 4 
t For VCC±= 
± 5 V, VI(PP) = ±1 V; for VCC± = ±15 V. VI(PP) = ± 5 V. 


:I: This parameter is tested on a sample basis. For other test requirements, 
please contact the factory. This statement has no bearing on testing 


or nontesting of other parameters. 
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INSTRUMENTS 


TL03x, TL03xA, TL03xY 
ENHANCED·JFET LOW·POWER LOW·OFFSET 
OPERATIONAL AMPLIFIERS 
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TL032C, TL032AC 


PARAMETER 
TEST CONDITIONS 
TAt 
VCC+=±5V 
VCC+=±15V 
UNIT 


MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


25°C 
0.69 
3.5 
0.57 
1.5 
TL032C 
Full range 
4.5 
2.5 
VIO 
Input offset voltage 
mV 
25°C 
0.53 
2.8 
0.39 
0.8 
TL032AC 
Full range 
3.8 
1.8 
VO=O, 
25°C to 
VIC=O, 
TL032C 
11.5 
10.8 
Temperature coefficient 
RS=500 
70°C 


aVIO 
of input offset voltage* 
IlV/oC 


TL032AC 
25°C to 
11.5 
10.8 
25 
70°C 


Input offset voltage long- 
25°C 
0.04 
0.04 
IlV/mO 
termdrift§ 


VO=O, 
VIC=O, 
25°C 
1 
100 
1 
100 
110 
Input offset current 
See Figure 5 
70°C 
9 
200 
12 
200 
pA 


VO=O, 
VIC=O, 
25°C 
2 
200 
2 
200 
liB 
Input bias current 
See Figure 5 
70°C 
50 
400 
80 
400 
pA 


-1.5 
-3.4 
-11.5 
-13.4 


25°C 
to 
to 
to 
to 


Common-mode 
input 
4 
5.4 
14 
15.4 
VICR 
V 
voltage range 
-1.5 
-11.5 
Full range 
to 
to 
4 
14 


25°C 
3 
4.3 
13 
14 


VOM+ 
Maximum positive peak 
RL=10kQ 
O°C 
3 
4.2 
13 
14 
V 
output voltage swing 
70°C 
3 
4.3 
13 
14 


25°C 
-3 
-4.2 
-12.5 
-13.9 


VOM- 
Maximum negative peak 
RL=10kQ 
O°C 
-3 
-4.1 
-12.5 
-13.9 
V 
output voltage swing 
70°C 
-3 
-4.2 
-12.5 
-14 


25°C 
4 
12 
5 
14.3 


AVD 
Large-signal differential 
RL = 10 kO 
O°C 
3 
11.1 
4 
13.5 
V/mV 
voltage amplification ~ 
70°C 
4 
13.3 
5 
15.2 


'i 
Input resistance 
25°C 
1012 
1012 
0 


ci 
Input capacitance 
25°C 
5 
14 
pF 


25°C 
70 
87 
75 
94 


CMRR 
Common-mode 
VIC = VICRmin, 
O°C 
70 
87 
75 
94 
dB 
rejection ratio 
VO=O, 
RS =500 
70°C 
70 
87 
75 
94 


25°C 
75 
96 
75 
96 


kSVR 
Suppiy-voltage 
rejection 
VCC± = ±5 V to ±15 V, 
O°C 
75 
96 
75 
96 
dB 
ratio (6VCC±/6VI0) 
VO=O, 
RS= 500 
70°C 
75 
96 
75 
96 
t Full range is O°C to 70°C. 
* This parameter is tested on a sample basis forthe TL032A. For other test requirements, please contact the factory. This statement 
has no bearing 
on testing or nontesting of other parameters. 


§Typical 
values are based on the input offset voltage shift observed through 
168 hours of operating 
life test at TA = 150°C extrapolated 
to 
TA = 25°C using the Arrhenius equation and assuming an activation energy of 0.96 eV. 


~At VCC± = ±5 V, Vo = 2.3 V; at VCC± = ±15 V, Vo = ±10 V. 
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TL032C, TL032AC 


PARAMETER 
TEST CONDITIONS 
TA 
VCC+=±5V 
VCC±=±15V 
UNIT 


MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


25°C 
3.8 
5 
13 
17 


PD 
Total power dissipation 
VO=O, 
No load 
ooe 
3.7 
5 
12.7 
17 
mW 
(two amplifiers) 
70°C 
3.8 
5 
12.6 
17 


Supply current 
ooe 
368 
500 
422 
560 


Ice 
VO=o, 
No load 
mA 
(two amplifiers) 
70°C 
378 
500 
420 
560 


V01N02 
Crosstalk attenuation 
AVD = 100dB 
25°C 
120 
120 
dB 


TL032C, TL032AC 


PARAMETER 
TEST CONDITIONS 
TA 
VCC±=±5V 
VCC±=±15 
V 
UNIT 


MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


25°C 
12 
1.5 
2.9 


SR+ 
Positive slew rate at unity 
ooe 
1.8 
1 
2.6 
V/llS 
gaint 
RL= 10kn, 
eL = 100 pF, 
70°C 
2.2 
1.5 
3.2 


See Figure 1 
25°C 
3.9 
1.5 
5.1 


SR- 
Negative slew rate at unity 
ooe 
3.7 
1.5 
5 
V/ll5 
gaint 


70°C 
4 
1.5 
5 


25°C 
138 
132 


tr 
Rise time 
ooe 
134 
127 
ns 


70°C 
150 
142 


VI(PP) = ±10 V, 
25°C 
138 
132 


tf 
Fall time 
RL = 10 kn, 
eL = 100 pF, 
ooe 
134 
127 
ns 
See Figures 1 and 2 
70°C 
150 
142 


25°C 
11% 
5% 


Overshoot factor 
ooe 
10% 
4% 


70°C 
12% 
6% 


f= 
10 Hz 
49 
49 
TL032e 
25°C 
Equivalent input 
RS=20n, 
f= 
1 kHz 
41 
41 
Vn 
nV/VHZ 
noise voltage:j: 
See Figure 3 
f= 
10 Hz 
49 
49 
TL032Ae 
25°C 
f= 
1 kHz 
41 
41 
60 


In 
Equivalent input noise current 
f= 1 kHz 
25°C 
0.003 
0.003 
pA/VHZ 


25°C 
1 
1.1 


B1 
Unity-gain bandwidth 
VI = 10mV, 
RL = 10 kn, 
ooe 
1 
1.1 
MHz 
eL = 25 pF, 
See Figure 4 
70°C 
1 
1 


25°C 
61° 
65° 


'!1m 
Phase margin at unity gain 
VI = 10 mV, 
RL= 
10kn, 
ooe 
61° 
65° 
eL = 25 pF, 
See Figure 4 
70°C 
60° 
64° 


t ForVee± 
= ±5 V, VI{PP) = ±1 y; for Vee± 
= ±15 V, VI{PP) = ±5 V. 
:j:This parameter 
is tested on a sample basis. For other test requirements, 
please contact the factory. This statement has no bearing on testing 
or nontesting of other parameters. 


~TEXAS 
INSTRUMENTS 


TL03x, TL03xA, TL03xY 
ENHANCED-JFET LOW-POWER LOW-OFFSET 
OPERATIONAL AMPLIFIERS 


SLOS180-FEBRUARY 
1997 


TL0321, TL032AI 


PARAMETER 
TEST CONDITIONS 
TAt 
VCC+ = ±5 V 
VCC+=±15 
V 
UNIT 


MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


25°C 
0.69 
3.5 
0.57 
1.5 


TL0321 
Full range 
5.3 
3.3 
Via 
Input offset voltage 
mV 
25°C 
0.53 
2.8 
0.39 
0.8 
TL032AI 
Full range 
4.6 
2.6 


VO=O, 
25°C to 
VIC=O, 
TL0321 
11.4 
10.8 


Temperature coefficient 
RS = 50n 
85°C 
aVIO 
of input offset voltage:j: 
25°C to 
~V/oC 


TL032AI 
85°C 
11.4 
10.8 
25 


Input offset voltage 
25°C 
0.04 
0.04 
~V/mo 
long-term drift§ 


VO=O, 
VIC=O, 
25°C 
1 
100 
1 
100 
pA 
110 
Input offset current 
See Figure 5 
85°C 
0.02 
0.45 
0.02 
0.45 
nA 


VO=O, 
VIC=O, 
25°C 
2 
200 
2 
200 
pA 
liB 
Input bias current 
See Figure 5 
85°C 
0.2 
0.9 
0.3 
0.9 
nA 


-1.5 
-3.4 
-11.5 
-13.4 


25°C 
to 
to 
to 
to 


Common-mode 
input 
4 
5.4 
14 
15.4 
VICR 
V 
voltage range 
-1.5 
-11.5 
Full range 
to 
to 
4 
14 


25°C 
3 
4.3 
13 
14 


VOM+ 
Maximum positive peak 
RL=10kn 
-40°C 
3 
4.2 
13 
14 
V 
output voltage swing 
85°C 
3 
4.4 
13 
14 


25°C 
-3 
-4.2 
-12.5 
-13.9 


VOM- 
Maximum negative peak 
RL=10kn 
-40°C 
-3 
-4.1 
-12.5 
-13.8 
V 
output voltage swing 
85°C 
-3 
-4.2 
-12.5 
-14 


Large-signal 
differential 
-40°C 
3 
8.4 
4 
11.6 


AVD 
RL=10kn 
V/mV 
voltage amplification 11 
85°C 
4 
13.5 
5 
15.3 


ri 
Input resistance 
25°C 
1012 
1012 
n 


ci 
Input capacitance 
25°C 
5 
4 
pF 


25°C 
70 
87 
75 
94 


CMRR 
Common-mode 
VIC = VICRmin, 
-40°C 
70 
87 
75 
94 
dB 
rejection ratio 
VO=O, 
RS = 50n 


85°C 
70 
87 
75 
94 


25°C 
75 
96 
75 
96 


kSVR 
Supply-voltage 
rejection 
VCC± = ±5 V to ±15 V, 
-40°C 
75 
96 
75 
96 
dB 
ratio (AVCC±ltNIO) 
VO=O, 
RS =50n 
85°C 
75 
96 
75 
96 


t Full range is -40°C 
to 85°C. 
:j:This parameter is tested on a sample basis forthe TL032A. For other test requirements, 
please contact the factory. This statement 
has no bearing 


on testing or nontesting of other parameters. 


§ Typical values are based on the input offset voltage shift observed through 168 hours of operating life test at TA = 150°C extrapolated 
to TA = 
25°C using the Arrhenius equation and assuming an activation energy of 0.96 eV. 


lIAtVCC± 
=±5 V, Va = 2.3 V; at VCC± =±15 
V, Va = ±10 V. 


~TEXAS 
INSTRUMENTS 


TL03x, TL03xA,TL03xY 
ENHANCED·JFET 
LOW·POWER LOW-OFFSET 
OPERATIONAL AMPLIFIERS 
SLOS180- 
FEBRUARY 
1997 


TL0321, TL032AI 


PARAMETER 
TEST CONDITIONS 
TA 
VCC+=±5V 
VCC+ = ±15 V 
UNIT 


MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


25°C 
3.8 
5 
13 
17 


PD 


Total power dissipation 
VO=O, 
No load 
-40°C 
2.9 
5 
10.9 
17 
mW 
(two amplifiers) 
85°C 
3.7 
5 
12.4 
17 


25°C 
384 
500 
434 
560 


ICC 
Supply current 
VO=O, 
No load 
-40°C 
288 
500 
362 
560 
J.!A 


(two amplifiers) 


85°C 
372 
500 
414 
560 


V01N02 
Crosstalk attenuation 
AVD = 100dB 
25°C 
120 
120 
dB 


TL0321, TL032AI 


PARAMETER 
TEST CONDITIONS 
TA 
VCC±=±5 
V 
VCC+=±15V 
UNIT 


MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


25°C 
2 
1.5 
2.9 


SR+ 
Positive slew rate at unity 
-40°C 
1.6 
1 
2.1 
V/IlS 
gaint 
85°C 
2.3 
1.5 
3.3 
RL = 10 kQ, 
CL = 100 pF 


25°C 
3.9 
1.5 
5.1 


SR- 
Negative slew rate at unity 
-40°C 
3.3 
1.5 
4.8 
V/IlS 
gaint 
85°C 
4.1 
1.5 
4.9 


VI(PP) = ±10 V, 
25°C 
138 
132 


tr 
Rise time 
RL = 10 kQ, 
CL ~ 100 pF, 
-40°C 
132 
123 
ns 


See Figures 1 and 2 
85°C 
154 
146 


VI(PP) ~ ±10 V, 
25°C 
138 
132 


tf 
Fall time 
RL ~ 10 kQ, 
CL ~ 100 pF, 
-40°C 
132 
123 
ns 
See Figure 1 
85°C 
154 
146 


VI(PP) ~ ±10 V, 
25°C 
11% 
50/0 


Overshoot factor 
RL~10kQ, 
CL ~ 100 pF, 
-40°C 
12% 
5% 


See Figures 1 and 2 
85°C 
13% 
70/0 


f~ 
10 Hz 
49 
49 
TL0321 
25°C 
Equivalent input 
RS = 20 Q, 
f= 
1 kHz 
41 
41 
Vn 
noise voltage:j: 
See Figure 3 
f= 
10 Hz 
nV/.JHz 
49 
49 


TL032AI 
25°C 
f = 1 kHz 
41 
41 
60 


In 
Equivalent input noise current 
f = 1 kHz 
25°C 
0.003 
0.003 
pAl.JHz 


25°C 
1 
1.1 


B1 
Unity-gain bandwidth 
VI=10mV, 
RL=10kQ, 
-40°C 
1 
1.1 
MHz 
CL = 25 pF, 
See Figure 4 


85°C 
0.9 
1 


25°C 
61° 
65° 


<Pm 
Phase margin at unity gain 
VI=10mV, 
RL=10kQ, 


-40°C 
61° 
65° 
CL = 25 pF, 
See Figure 4 
85°C 
60° 
64° 


tForVcc±=±5 
V, VI(PP) = ±1 V; forVcc±=±15 
V, VI(PP) =±5 
V. 
:j:This parameter 
is tested on a sample basis. For other test requirements, 
please contact the factory. This statement has no bearing on testing 
or nontesting of other parameters. 


~TEXAS 
INSTRUMENTS 


TL03x, TL03xA, TL03xY 
ENHANCED-JFET 
LOW-POWER LOW-OFFSET 
OPERATIONAL AMPLIFIERS 
SLOS180 
- FEBRUARY 
1997 


TL032M, TL032AM 


PARAMETER 
TEST CONDITIONS 
TAt 
VCC±=±5 
V 
VCC+=±15V 
UNIT 


MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


25°C 
0.69 
3.5 
0.57 
1.5 
TL032M 
Full range 
6.5 
4.5 
VIO 
Input offset voltage 
mV 
25°C 
0.53 
2.8 
0.39 
0.8 
TL032AM 
Full range 
5.8 
3.8 
VO=O, 


25°C to 
VIC=O, 
TL032M 
9.7 
9.7 
Temperature coefficient of 
RS = son 
125°C 
oVIO 
input offset voltage 
25°C to 
/iV/oC 


TL032AM 
125°C 
9.7 
9.7 


Input offset voltage 
25°C 
0.04 
0.04 
/iV/mo 
long-term driftt 


VO=O, 
VIC=O, 
25°C 
1 
100 
1 
100 
pA 
110 
Input offset current 
See Figure 5 
125°C 
0.2 
10 
0.2 
10 
nA 


VO=O. 
VIC=O. 
25°C 
2 
200 
2 
200 
pA 
liB 
Input bias current 
See Figure 5 
125°C 
7 
20 
8 
20 
nA 


-1.5 
-3.4 
-11.5 
-13.4 


25°C 
to 
to 
to 
to 


Common-mode 
input 
4 
5.4 
14 
15.4 
VICR 
V 
voltage range 
-1.5 
-11.5 
Full range 
to 
to 
4 
14 


25°C 
3 
4.3 
13 
14 


VOM+ 
Maximum positive peak 
RL=10kn 
-55°C 
3 
4.1 
13 
14 
V 
output voltage swing 
125°C 
3 
4.4 
13 
14 


25°C 
-3 
-4.2 
-12.5 
-13.9 


VOM- 
Maximum negative peak 
RL= 
10 kn 
-55°C 
-3 
-4 
-12.5 
-13.8 
V 
output voltage swing 


125°C 
-3 
-4.3 
-12.5 
-14 


25°C 
4 
12 
5 
14.3 


AVD 
Large-signal 
differential 
RL= 
10 kQ 
-55°C 
3 
7.1 
4 
10.4 
V/mV 
voltage amplification§ 
125°C 
3 
12.9 
4 
15 


r; 
Input resistance 
25°C 
1012 
1012 
n 


ci 
Input capacitance 
25°C 
5 
4 
pF 


25°C 
70 
87 
75 
94 


CMRR 
Common-mode 
rejection 
VIC = VICRmin, 
-55°C 
70 
87 
70 
94 
dB 
ratio 
VO=O, 
RS =50n 
125°C 
70 
87 
70 
94 


25°C 
75 
96 
75 
96 


kSVR 
Supply-voltage 
rejection 
VCC± = ±5 V to ±15 V. 
-55°C 
75 
95 
75 
95 
dB 
ratio (~VCC±/tNIO) 
VO=O, 
RS =50 n 
125°C 
75 
96 
75 
96 
t Full range is -55°C 
to 125°C. 


t Typical values are based on the input offset voltage shift observed 
through 
168 hours of operating 
life test at TA = 150°C extrapolated 
to 
TA = 25°C using the Arrhenius equation and assuming an activation energy of 0.96 eV. 
§At VCC± = ±5 V, Vo = 2.3 V; atVcc±=±15 
V, Vo = ±10 V. 


~TEXAS 
INSTRUMENTS 


TL03x, TL03xA,TL03xY 
ENHANCED-JFET 
LOW-POWER LOW·OFFSET 
OPERATIONAL AMPLIFIERS 
SLOS180- 
FEBRUARY 
1997 


TL032M, TL032AM 


PARAMETER 
TEST CONDITIONS 
TA 
VCC+=±5 
V 
VCC±=±15V 
UNIT 


MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


25°C 
3.8 
5 
13 
17 


PD 
Total power dissipation 
VO=O, 
No load 
-55°C 
2.3 
5 
9.4 
17 
mW 
(two amplifiers) 
125°C 
3.6 
5 
11.8 
17 


25°C 
384 
500 
434 
560 


ICC 
Supply current 
VO=O, 
No load 
-55°C 
228 
500 
312 
560 
~ 
(two amplifiers) 
125°C 
356 
500 
394 
560 


V01N02 
Crosstalk attenuation 
AVD = 100dB 
25°C 
120 
120 
dB 


TL032M, TL032AM 


PARAMETER 
TEST CONDITIONS 
TA 
VCC+=±5V 
VCC±=±15V 
UNIT 


MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


25°C 
2 
1.5 
2.9 


SR+ 
Positive slew rate 
-55°C 
1.4 
1 
1.9 
V/Jls 
at unity gain t 
RL = 10 kQ, 
125°C 
2.4 
1 
3.5 
CL = 100 pF, 


25°C 
3.9 
1.5 
5.1 
See and Figure 1 
SR- 
Negative slew rate at unity 
-55°C 
3.2 
1 
4.6 
V/Jls 
gaint 
125°C 
4.1 
1 
4.7 


VI(PP) = ±10 V, 
25°C 
138 
132 


tr 
Rise time 
RL=10kQ, 
-55°C 
142 
123 
ns 
CL = 100 pF, 
See Figures 1 and 2 
125°C 
166 
58 


VI(PP) = ±10 V, 
25°C 
138 
132 
- 
RL=10kQ, 
tf 
Fall time 
CL = 100 pF, 
-55°C 
142 
123 
ns 


See Figure 1 
i25°C 
166 
158 


VI(PP) = ±10 V, 
25°C 
11% 
5% 


Overshoot factor 
RL=10kQ, 
-55°C 
16% 
6% 
CL = 100 pF, 
See Figures 1 and 2 
125°C 
14% 
8% 


f= 
10 Hz 
49 
49 
TL032M 
25°C 
Equivalent input 
RS =20Q, 
f = 1 kHz 
41 
41 
Vn 
noise voltage 
See Figure 3 
f= 
10 Hz 
nV/VHZ 
49 
49 
TL032AM 
25°C 
f = 1 kHz 
41 
41 


In 
Equivalent input noise 
f = 1 kHz 
25°C 
0.003 
0.003 
pA/VHZ 
current 


25°C 
1 
1.1 


B1 
Unity-gain bandwidth 
VI=10mV, 
RL=10kQ, 
-55°C 
1 
1.1 
MHz 
CL = 25 pF, 
See Figure 4 
125°C 
0.9 
0.9 


25°C 
61° 
65° 


<Pm 
Phase margin at unity gain 
VI=10mV, 
RL=10kQ, 


-55°C 
57° 
64° 
CL = 25 pF, 
See Figure 4 
125°C 
59° 
62° 


~TEXAS 
INSTRUMENTS 


TL03x, TL03xA, TL03xY 
ENHANCED-JFET LOW-POWER LOW-OFFSET 
OPERATIONAL AMPLIFIERS 
SLOS180 
- FEBRUARY 
1997 


TL032Y 


PARAMETER 
TEST CONDITIONS 
VCC±=±5V 
VCC±=±15V 
UNIT 


MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


VIO 
Input offset voltage 
0.69 
0.57 
mV 


Temperature coefficient of 
VO=O, 
V,C=O, 


aVIO 
input offset voltage 
RS=50n 
11.5 
10.8 
!lVrC 


110 
Input offset current 
VO=O, 
VIC=O, 
1 
1 
pA 
See Figure 5 


liB 
Input bias current 
VO=O, 
VIC=O, 
2 
2 
pA 
See Figure 5 


-3.4 
-13.4 


V'CR 
Common-mode 
input voltage range 
to 
to 
V 
5.4 
15.4 


VOM+ 
Maximum positive peak 
RL= 
10 kQ 
4.3 
14 
V 
output voltage swing 


VOM- 
Maximum negative peak 
RL= 
10kQ 
-4.2 
-13.9 
V 
output voltage swing 


AVO 
Large-signal 
differential 
RL = 10 kn 
12 
14.3 
V/mV 
voltage amplification t 
~ 
Input resistance 
1012 
1012 
n 


ci 
Input capacitance 
5 
14 
pF 


CMRR 
Common-mode 
rejection ratio 
VIC = VICRmin, 
87 
94 
dB 
VO=O, 
RS=50n 


kSVR 
Supply-voltage 
rejection ratio 
VCC± = ±5 Vto ±15 V, 
96 
96 
dB 
(tNCC±/dVIO) 
VO=O, 
RS= 50n 


Po 
Total power dissipation 
VO=O, 
No load 
3.8 
13 
mW 
(two amplifiers) 


V01N02 
Crosstalk attenuation 
AVO = 100dB 
120 
120 
dB 


TL032Y 


PARAMETER 
TEST CONDITIONS 
VCC+=±5 
V 
VCC±=±15 
V 
UNIT 


MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


SR+ 
Positive slew rate at unity gaint 
RL= 
10kQ, 
CL = 100 pF, 
12 
2.9 
V/IlS 


SR- 
Negative slew rate at unity gaint 
See Figure 1 and Note 8 
3.9 
5.1 
V/!ls 


tr· 
Rise time 
VI(PP)=±10V, 
138 
132 
ns 


tf 
Fall time 
RL= 
10kQ, 
CL = 100 pF, 
138 
132 
ns 


Overshoot factor 
See Figures 1 and 2 
11% 
50/0 


EqUivalent input noise voltage+ 
RS = 20n, 
If= 
10 Hz 
49 
49 
nV/VHZ 
Vn 
See Figure 3 If = 1 kHz 
41 
41 


'n 
Equivalent input noise current 
f = 1 kHz 
0.003 
0.003 
pAlVHZ 


B1 
Unity-gain bandwidth 
VI = 10mV, 
RL=10kQ, 


1 
1.1 
MHz 
CL =25 pF, 
See Figure 4 


9m 
Phase margin at unity gain 
VI = 10 mV, 
RL = 10 kQ, 


61° 
65° 
CL = 25 pF, 
See Figure 4 
t ForVCC± 
= ±5 V, VI(PP) = ±1 V; for VCC± = ±15 V, VI(PP) = ±5 V. 


:j:This parameter is tested on a sample basis. For other test requirements, 
please contact the factory. This statement has no bearing on testing 
or nontesting of other parameters. 


~TEXAS 
INSTRUMENTS 


TL03x, TL03xA,TL03xY 
ENHANCED·JFET LOW·POWER LOW·OFFSET 
OPERATIONAL AMPLIFIERS 
SLOS180- 
FEBRUARY 
1997 


TL034C, TL034AC 


PARAMETER 
TEST CONDITIONS 
TAt 
VCC+=±5V 
VCC±=±15V 
UNIT 


MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


25°C 
0.91 
6 
0.79 
4 
TL034C 
Full range 
8.2 
6.2 
VIO 
Input offset voltage 
mV 
25°C 
0.7 
3.5 
0.58 
1.5 
VO=O, 
TL034AC 
VIC=O, 
Full range 
5.7 
3.7 


RS =500 
TL034C 
25°C to 
11.6 
12 
Temperature coefficient of 
70°C 
/lV/oC 
aVIO 
input offset voltage:t: 
25°C to 
TL034AC 
70°C 
11.6 
12 
25 


Input offset voltage long- 
25°C 
0.04 
0.04 
/lV/mo 
termdrift§ 


VO=O, 
VIC=O, 
25°C 
1 
100 
1 
100 
110 
Input offset current 
See Figure 5 
70°C 
9 
200 
12 
200 
pA 


VO=O, 
VIC=O, 
25°C 
2 
200 
2 
200 
liB 
Input bias current 
See Figure 5 
70°C 
50 
400 
80 
400 
pA 


-1.5 
-3.4 
-11.5 
-13.4 
25°C 
to 
to 
to 
to 


Common-mode 
input 
4 
5.4 
14 
15.4 
VICR 
V 
voltage range 
-1.5 
-11.5 
Full range 
to 
to 
4 
14 


25°C 
3 
4.3 
13 
14 


VOM+ 
Maximum positive peak 
RL= 
10 kQ 
O°C 
3 
4.2 
13 
14 
V 
output voltage swing 
70°C 
3 
4.3 
13 
14 


25°C 
-3 
-4.2 
-12.5 
-13.9 


VOM- 
Maximum negative peak 
RL=10kQ 
O°C 
-3 
-4.1 
-12.5 
-13.9 
V 
output voltage swing 
70°C 
-3 
-4.2 
-12.5 
-14 


25°C 
4 
12 
5 
14.3 


AVD 
Large-signal differential 
RL= 10 kQ 
O°C 
3 
11.1 
4 
13.5 
V/mV 
voltage amplification 11 
70°C 
4 
13.3 
5 
15.2 


q 
Input resistance 
25°C 
1012 
1012 
0 


ci 
Input capacitance 
25°C 
5 
14 
pF 


VIC = VICRmin, 
25°C 
70 
87 
75 
94 
Common-mode 
CMRR 
rejection ratio 
VO=O, 
O°C 
70 
87 
75 
94 
dB 
RS =500 
70°C 
70 
87 
75 
94 


25°C 
75 
96 
75 
96 


kSVR 
Supply-voltage 
rejection 
VO=O, 
RS=500 
O°C 
75 
96 
75 
96 
dB 
ratio (t.vCC±I,'.vIO) 
70°C 
75 
96 
75 
96 
t Full range is O°C to 70°C. 
:t:This parameter 
is tested on a sample basis. For other test requirements, 
please contact the factory. This statement has no bearing on testing 
or nontesting of other parameters. 


§Typical 
values are based on the input offset voltage shift observed 
through 
168 hours of operating 
life test at TA = 150°C extrapolated 
to 
TA = 25°C using the Arrhenius equation and assuming an activation energy of 0.96 eV. 


11 At VCC± = ±5 V, Vo = ±2.3 V; at VCC± = ±15 V, Vo = ±10 V. 


~TEXAS 
INSTRUMENTS 


TL03x, TL03xA, TL03xY 
ENHANCED-JFET LOW-POWER LOW-OFFSET 
OPERATIONAL AMPLIFIERS 
SLOS180 
- FEBRUARY 
1997 


TL034C, TL034AC 


PARAMETER 
TEST CONDITIONS 
TA 
VCC±=±5V 
VCC+ = ±15 V 
UNIT 


MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


25°C 
7.7 
10 
26 
34 


PD 
Total power dissipation 
VO=O. 
No load 
ooe 
7.4 
10 
25.3 
34 
mW 
(two ampliliers) 
70°C 
7.6 
10 
25.2 
34 


25°C 
0.77 
1 
0.87 
1.12 


Ice 
Supply current 
VO=O, 
No load 
ooe 
0.74 
1 
0.85 
1.12 
mA 
(lour ampliliers) 
70°C 
0.76 
1 
0.84 
1.12 


V01/V02 
Crosstalk attenuation 
AVD= 
100 
25°C 
120 
120 
dB 


TL034C, TL034AC 


PARAMETER 
TEST CONDITIONS 
TA 
VCC±=±5 
V 
VCC+ = ±15 V 
UNIT 


MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


25°C 
2 
1.5 
2.9 


SR+ 
Positive slew rate at unity 
ooe 
1.8 
1 
2.6 
V/Jls 
gaint 
RL = 10 kQ, 
70°C 
2.2 
1.5 
3.2 
CL = 100 pF, 
25°C 
3.9 
1.5 
5.1 
Negative slew rate at unity 
See Figure 1 
SR- 
gaint 
O°C 
3.7 
1.5 
5 
V/Jls 


70°C 
4 
1.5 
5 


VI(PP) = ±10 V, 
25°C 
138 
132 


tr 
Rise time 
RL= 10kQ, 
ooe 
134 
127 
ns 
eL = 100 pF, 
See Figures 1 and 2 
70°C 
150 
142 


VI(PP) = ±10 V, 
25°C 
138 
132 


tl 
Fall time 
RL = 10 kQ, 
O°C 
134 
127 
ns 
CL = 100 pF, 
See Figure 1 
70°C 
150 
142 


VI(PP) = ±10 V, 
25°C 
11% 
5% 


Overshoot lactor 
RL = 10 kQ, 
O°C 
10% 
4% 
CL = 100 pF, 
See Figures 1 and 2 
70°C 
12% 
60/0 


1= 10 Hz 
83 
83 
TL034C 
25°C 
Equivalent input 
RS = 20 Q, 
1=1 
kHz 
43 
43 
Vn 
noise voltage:t: 
See Figure 3 
1= 10 Hz 
nV/,[HZ 
83 
83 
TL034AC 
25°C 
1=1 
kHz 
43 
43 
60 


In 
Equivalent input noise current 
1= 1 kHz 
25°C 
0.003 
0.003 
pAl,[HZ 


25°C 
1 
1.1 


B1 
Unity-gain bandwidth 
VI=10mV, 
RL=10kQ, 
ooe 
1 
1.1 
MHz 
CL = 25 pF. 
See Figure 4 
70°C 
1 
1 


25°C 
61° 
65° 


<l>m 
Phase margin at unity gain 
V,=10mV, 
RL = 10 kQ, 
O°C 
61° 
65° 
CL = 25 pF, 
See Figure 4 
70°C 
60° 
64° 


t For Vec± 
= ±5 V, VI(PP) = ±1 V; lor VCC± = ±15 V, VJ(PP) = ±5 V. 
:t:This parameter is tested on a sample basis. For other test requirements. 
please contact the lactory. This statement has no bearing on testing 
or nontesting 01other parameters. 


~TEXAS 
INSTRUMENTS 


TL03x, TL03xA, TL03xY 
ENHANCED-JFET 
LOW-POWER LOW-OFFSET 
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TL0341, TL034AI 


PARAMETER 
TEST CONDITIONS 
TAt 
VCC+=±5V 
VCC+=±15V 
UNIT 


MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


25°C 
0.91 
36 
0.79 
4 
TL0341 
Full range 
9.3 
7.3 
VIO 
Input offset voltage 
mV 
25°C 
0.7 
3.5 
0.58 
1.5 
VO=O, 
TL034AI 


VIC=O, 
Full range 
6.8 
4.8 


RS =50 n 
TL0341 
25°C to 
11.5 
11.6 
Temperature coefficient 
85°C 


ClVIO 
of input offset voltage~ 
25°C to 
/lV/oC 


TL034AI 
85°C 
11.5 
11.6 
25 


Input offset voltage long- 
25°C 
0.04 
0.04 
/lV/mo 
term drift§ 


VO=O, 
VIC=O, 
25°C 
1 
100 
1 
100 
pA 
110 
Input offset current 
See Figure 5 
85°C 
0.02 
0.45 
0.02 
0.45 
nA 


VO=O, 
VIC=O, 
25°C 
2 
200 
2 
200 
pA 
liB 
Input bias current 
See Figure 5 
85°C 
0.2 
0.9 
0.3 
0.9 
nA 


-1.5 
-3.4 
-11.5 
-13.4 
25°C 
to 
to 
to 
to 


Common-mode 
input 
4 
5.4 
14 
15.4 
VICR 
V 
voltage range 
-1.5 
-11.5 
Full range 
to 
to 
4 
14 


25°C 
3 
4.3 
13 
14 


VOM+ 
Maximum positive peak 
RL = 10 kn 
-40°C 
3 
4.1 
13 
14 
V 
output voltage swing 
85°C 
3 
4.4 
13 
14 


25°C 
-3 
-4.2 
-12.5 
-13.9 


VOM- 


-Maximum 
negative peak 
RL = 10 kn 
-40°C 
-3 
-4.1 
-12.5 
-13.8 
V 
output voltage swing 
85°C 
-3 
-4.2 
-12.5 
-14 


Large-signal 
differential 
-40°C 
4 
12 
5 
14.3 
AVD 
RL = 10 kn 
V/mV 
voltage amplification '!I 
85°C 
3 
8.4 
4 
11.6 


r; 
Input resistance 
25°C 
1012 
1012 
n 


ci 
Input capacitance 
25°C 
5 
4 
pF 


VIC = VICRmin, 
25°C 
70 
87 
75 
94 
Common-mode 
CMRR 
rejection ratio 
VO=O, 
-40°C 
70 
87 
75 
94 
dB 
RS =50n 
B5°C 
70 
87 
75 
94 


25°C 
75 
96 
75 
96 


kSVR 
Supply-voltage 
rejection 
VO=O, 
RS =50n 
-40°C 
75 
96 
75 
96 
dB 
ratio 
(t!.yCC±/ t!.VIO) 
85°C 
75 
96 
75 
96 
t Full range is -40°C 
to 85°C. 
~ This parameter 
is tested on a sample basis. For other test requirements, 
please contact the factory. This statement has no bearing on testing 
or nontesting of other parameters. 
§ Typical values are based on the input offset voltage shift observed 
through 
168 hours of operating 
life test at TA = 150°C extrapolated 
to 
TA = 25°C using the Arrhenius equation and assuming an activation energy of 0.96 eV. 
'!I At VCC± = ±5 V, Vo = ±2.3 V; at VCC± = ±15 V, Vo = ±10 V. 
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TL0341, TL034AI 


PARAMETER 
TEST CONDITIONS 
TA 
VCC+=±5V 
VCC+=±15 
V 
UNIT 


MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


25°C 
7.7 
10 
26 
34 


PD 
Total power dissipation 
VO=O, 
No load 
-40°C 
5.8 
10 
21.7 
34 
mW 
(four amplifiers) 
85°C 
7.4 
10 
24.8 
34 


25°C 
0.77 
1 
0.87 
1.12 


ICC 
Supply current 
VO=O, 
No load 
-40°C 
0.58 
1 
0.72 
1.12 
mA 
(four amplifiers) 
85°C 
0.74 
1 
0.83 
1.12 


V01/V02 
Crosstalk attenuation 
AVD= 
100 
25°C 
120 
120 
dB 


TL0341, TL034AI 


PARAMETER 
TEST CONDITIONS 
TA 
VCC+=±5V 
VCC+=±15 
V 
UNIT 


MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


25°C 
2 
1.5 
2.9 


SR+ 
Positive slew rate at unity gaint 
-40°C 
1.6 
1 
2.1 
V/IlS 


RL= 
10kn, 
CL = 100 pF, 
85°C 
2.3 
1.5 
3.3 


See Figure 1 
25°C 
3.9 
1.5 
5.1 


SR- 
Negative slew rate at unity 
-40°C 
3.3 
1.5 
4.8 
V/IlS 
gaint 
85°C 
4.1 
1.5 
4.9 


25°C 
138 
132 


tr 
Rise time 
-40°C 
132 
123 
ns 


85°C 
154 
146 


VI(PP) = ±10 V, 
25°C 
138 
132 


tf 
Fall time 
RL=10kQ, 
-40°C 
132 
123 
ns 
CL = 100 pF, 
See Figures 1 and 2 
85°C 
154 
146 


25°C 
11% 
5% 


Overshoot factor 
-40°C 
12% 
5% 


85°C 
13% 
7% 


f= 
10 Hz 
83 
83 
TL0341 
25°C 
Equivalent input 
RS =20Q, 
f = 1 kHz 
43 
43 
Vn 
nV/'I'RZ 
noise voltage:j: 
See Figure 3 
f= 
10 Hz 
83 
83 
TL034AI 
25°C 
f= 
1 kHz 
43 
43 
60 


In 
Equivalent input noise current 
f = 1 kHz 
25°C 
0.003 
0.003 
pAl'I'RZ 


25°C 
1 
1.1 


B1 
Unity-gain bandwidth 
VI=10mV, 
RL = 10 kQ, 
-40°C 
1 
1.1 
MHz 
CL = 25 pF, 
See Figure 4 
85°C 
0.9 
1 


25°C 
61° 
65° 


!Pm 
Phase margin at unity gain 
VI=10mV, 
RL= 
10 kQ, 
-40°C 
61° 
65° 
CL = 25 pF, 
See Figure 4 
85°C 
60° 
64° 


t For VCC± = ±5 V, VI(PP) = ± 1 V; for VCC± = ± 15 V, VI(PP) = ±5 V. 
:j:This parameter is tested on a sample basis. For other test requirements, 
piease contact the factory. This statement has no bearing on testing 
or nontesting of other parameters. 


~TEXAS 
INSTRUMENTS 


TL03x, TL03xA, TL03xY 
ENHANCED·JFET 
LOW-POWER LOW·OFFSET 
OPERATIONAL AMPLIFIERS 
SLOS180 
- FEBRUARY 
1997 


TL034M, TL034AM 


PARAMETER 
TEST CONDITIONS 
TAt 
VCC+=±5V 
VCC±=±15V 
UNIT 


MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


25°C 
0.91 
3.6 
0.78 
4 
TL034M 
Full range 
11 
9 
VIO 
Input offset voltage 
mV 
25°C 
0.7 
3.5 
0.58 
1.5 
VO=O, 
TL034AM 


VIC=O, 
Full range 
8.5 
6.5 


RS = 500 
TL034M 
25°C to 
10.6 
10.9 
Temperature coefficient of 
125°C 
aVIO 
input offset voltage 
25°C to 
/lV/oC 


TL034AM 
125°C 
10.6 
10.9 


Input offset voltage 
25°C 
0.04 
0.04 
/lV/mo 
long-term drift:!: 


VO=O, 
VIC=O, 
25°C 
1 
100 
1 
100 
pA 
110 
Input offset current 
See Figure 5 
125°C 
0.2 
10 
0.2 
10 
nA 


VO=O, 
VIC=O, 
25°C 
2 
200 
2 
200 
pA 
liB 
Input bias current 
See Figure 5 
125°C 
7 
20 
8 
20 
nA 


-1.5 
-3.4 
-11.5 
-13.4 


25°C 
to 
to 
to 
to 


Common-mode 
input 
4 
5.4 
14 
15.4 
VICR 
V 
voltage range 
-1.5 
-11.5 
Full range 
to 
to 
4 
14 


25°C 
3 
4.3 
13 
14 


VOM+ 
Maximum positive peak 
RL=10kQ 
-55°C 
3 
4.1 
13 
14 
V 
output voltage swing 
125°C 
3 
4.4 
13 
14 


25°C 
-3 
-4.2 
-12.5 
-13.9 


VOM- 
Maximum negative peak 
RL= 
10kQ 
-55°C 
-3 
-4 
-12.5 
-13.8 
V 
output voltage swing 
125°C 
-3 
-4.3 
-12.5 
-14 


25°C 
4 
12 
5 
14.3 


AVD 
Large-signal 
differential 
RL = 10 kO 
-55°C 
3 
7.1 
4 
10.4 
V/mV 
voltage amplification§ 
125°C 
3 
12.9 
4 
15 


r; 
Input resistance 
25°C 
1012 
1012 
0 


ci 
Input capacitance 
25°C 
5 
4 
pF 


25°C 
70 
87 
75 
94 


CMRR 
Common-mode 
VIC = VICRmin, 
-55°C 
70 
87 
70 
94 
dB 
rejection ratio 
VO=O, 
RS =50Q 
125°C 
70 
87 
70 
94 


25°C 
75 
96 
75 
96 


kSVR 
Supply-voltage 
rejection 
VO=O, 
RS =500 
-55°C 
75 
95 
75 
95 
dB 
ratio (tNcC±/aVIO) 
125°C 
75 
96 
75 
96 
t Full range is -55°C 
to 125°C. 
:!:Typical values are based on the input offset voltage shift observed through 168 hours of operating life test at TA = 150°C extrapolated 
to TA = 
25°C using the Arrhenius equation and assuming an activation energy of 0.96 eV. 
§ At VCC± = ±5 V, Vo = ±2.3 V; at VCC± = ±15 V, Vo = ±10 V. 
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TL034M, TL034AM 


PARAMETER 
TEST CONDITIONS 
TA 
VCC+=±5V 
VCC+=±15 
V 
UNIT 


MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


25°C 
7.7 
10 
26 
34 


Po 
Total power dissipation 
VO=O, 
No load 
-55°C 
4.6 
12 
18.7 
45 
mW 
(two ampliliers) 


125°C 
7.1 
12 
23.6 
45 


25°C 
0.77 
1 
0.87 
1.12 


ICC 
Supply current 
VO=O, 
No load 
-55°C 
0.46 
1.2 
0.62 
1.5 
mA 
(two amplifiers) 


125°C 
0.71 
1.2 
0.79 
1.5 


V01IV02 
Crosstalk attenuation 
AVO = 100 
25°C 
120 
120 
dB 


TL034M, TL034AM 


PARAMETER 
TEST CONDITIONS 
TA 
VCC+=±5 
V 
VCC+=±15V 
UNIT 


MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


25°C 
2 
1.5 
2.9 


SR+ 
Positive slew rate at unity gain t 
-55°C 
1.4 
1 
1.9 
V/Jls 
RL=10kn, 
125°C 
2.4 
1 
3.5 
CL = 100 pF, 


25°C 
3.9 
1.5 
5.1 
See Figure 1 
SR- 
Negative slew rate at unity 
-55°C 
3.2 
1 
4.6 
V/Jls 
gaint 
125°C 
4.1 
1 
4.7 


VI(PP) = ±10 V, 
25°C 
138 
132 


tr 
Rise time 
RL=10kQ, 
-55°C 
142 
123 
ns 
CL = 100 pF, 
See Figures 1 and 2 
125°C 
166 
58 


VI(PP) = ±10 V, 
25°C 
138 
132 


tl 
Fall time 
RL=10kQ, 
-55°C 
142 
123 
ns 
CL = 100 pF, 
See Figure 1 
125°C 
166 
158 


Vf(PP) = ±10 V, 
25°C 
11% 
5% 


Overshoot lactor 
RL = 10 kn, 
-55°C 
16% 
6% 
CL = 100 pF, 
See Figures 1 and 2 
125°C 
14% 
8% 


1= 10 Hz 
83 
83 
TL034M 
25°C 
Equivalent input 
RS =20 Q, 
1= 1 kHz 
43 
43 
Vn 
nV/-IHZ 
noise voltage 
See Figure 3 
1= 10 Hz 
83 
83 
TL034AM 
25°C 
1=1 
kHz 
43 
43 


In 
Equivalent input noise current 
1=1 
kHz 
25°C 
0.003 
0.003 
pAl-IHZ 


25°C 
1 
1.1 


B1 
Unity-gain bandwidth 
VI=10mV, 
RL = 10 kQ, 
-55°C 
1 
1.1 
MHz 
CL =25 pF, 
See Figure 4 
125°C 
0.9 
0.9 


25°C 
61° 
65° 


epm 
Phase margin at unity gain 
VI=10mV, 
RL = 10 kn, 
-55°C 
57° 
64° 
CL =25 pF, 
See Figure 4 
125°C 
59° 
62° 
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TL034Y 


PARAMETER 
TEST CONDITIONS 
VCC+=±5V 
VCC±=±15V 
UNIT 


MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


VIO 
Input offset voltage 
0.91 
0.79 
mV 


Temperature coefficient of input offset 
VO=O, 
VIC=O, 


aVIO 
voltage 
RS= 50n 
11.6 
12 
IlV/0C 


VO=O, 
VIC=O, 
1 
1 
pA 
110 
Input offset current 
See Figure 5 
2 
2 
pA 


VO=O, 
VIC=O, 
2 
2 
pA 
liB 
Input bias current 
See Figure 5 
7 
8 
nA 


-3.4 
-13.4 


VICR 
Common-mode 
input voltage range 
to 
to 
V 
5.4 
15.4 


VOM+ 
Maximum positive peak output voltage 
RL=10kn 
4.3 
14 
V 
swing 


VOM- 
Maximum negative peak output 
RL=10kn 
-4.2 
-13.9 
V 
voltage swing 


AVO 
Large-signal 
differential voltage 
RL=10kn 
12 
14.3 
V/mV 
amplification t 


r; 
Input resistance 
1012 
1012 
n 


ci 
Input capacitance 
5 
4 
pF 


CMRR 
Common-mode 
rejection ratio 
VIC = VICRmin, 
87 
94 
dB 
VO=O, 
RS = 50n 


kSVR 
Supply-voltage 
rejection ratio 
VO=O, 
RS = 50 n 
96 
96 
dB 
(tNCC±1 t"vIO) 


Po 
Total power dissipation (four amplifiers) 
VO=O, 
No load 
7.7 
26 
mW 


ICC 
Supply current (four amplifiers) 
VO=O, 
No load 
0.77 
0.87 
mA 


V011V02 
Crosstalk attenuation 
AVO = 100 
120 
120 
dB 


TL034Y 


PARAMETER 
TEST CONDITIONS 
VCC±=±5V 
VCC±=±15V 
UNIT 


MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


SR+ 
Positive slew rate at unity gain 
RL = 10 kfl, 
CL = 100 pF, 
2 
1.5 
2.9 
V/IlS 


SR- 
Negative slew rate at unity gain 
See Figure 1 
3.9 
1.5 
5.1 
V/IlS 


tr 
Rise time 
VI(PP) = ±10 V, 
138 
132 
ns 


tf 
Fall time 
RL=10kQ, 
CL = 100 pF, 
138 
132 
ns 


Overshoot factor 
See Figures 1 and 2 
11% 
5% 


Equivalent input noise voltage t 
RS=20Q, 
If = 10 kHz 
83 
83 
nV/-{Hz 
Vn 
See Figure 3 If = kHz 
43 
43 


In 
Equivalent input noise current 
f= 1 kHz 
0.003 
0.003 
pAl-{Hz 


B1 
Unity-gain bandwidth 
VI = 10 mV, 
RL = 10 kfl, 
1 
1.1 
MHz 
CL = 25 pF, 
See Figure 4 


<l>m 
Phase margin at unity gain 
VI=10mV, 
RL=10kQ, 
61° 
65° 
CL = 25 pF, 
See Figure 4 
t This parameter 
is tested on a sample basis. For other test requirements, 
please contact the factory. This statement has no bearing on testing 
or nontesting of other parameters. 
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I 
I 
I 
I 
I 
I 


I 
I 
rl tr 
Figure 2. Rise Time and Overshoot Waveform 


NOTE A: CL includes fixture capacitance. 


Figure 1. Slew-Rate and Overshoot Test Circuit 


Figure 4. Unity-Gain Bandwidth and 
Phase-Margin Test Circuit 
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input bias and offset current 


At the picoampere 
bias current 
level typical of the TL03x and TL03xA, 
accurate 
measurement 
of the bias current 
becomes 
difficult. 
Not only does this measurement 
require a picoammeter, 
but test socket 
leakages 
can easily 
exceed 
the actual device 
bias currents. 
To accurately 
measure 
these small currents, 
Texas Instruments 
uses 
a two-step 
process. 
The socket 
leakage 
is measured 
using picoammeters 
with bias voltages 
applied 
but with 
no device 
in the socket. 
The device 
is then inserted 
into the socket 
and a second 
test that measures 
both the 
socket 
leakage 
and the device 
input bias current 
is performed. 
The two measurements 
are then subtracted 
algebraically 
to determine 
the bias current 
of the device. 


Because 
of the increasing 
emphasis 
on low noise levels in many of today's 
applications, 
the input noise voltage 
density 
is sample 
tested 
at f = 1 kHz. Texas 
Instruments 
also has additional 
noise testing 
capability 
to meet 
specific 
application 
requirements. 
Contact 
the factory 
for details. 
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FIGURE 


VIO 
Input offset voltage 
Distribution 
6-11 


aVIO 
Input offset voltage temperature 
coefficient 
Distribution 
12,13,14 


110 
Input offset current 
vs Free-air temperature 
15 


liB 
Input bias current 
vs Common-mode 
input voltage 
15 
vs Free-air temperature 
16 


VIC 
Common-mode 
input voltage range 
vs Supply voltage 
17 
vs Free-air temperature 
18 


VID 
Output voltage 
vs Differential input voltage 
19,20 


vs Supply voltage 
21 


VOM 
Maximum peak output voltage 
vs Output current 
23,24 
vs Free-air temperature 
25,26 


VO(PP) 
Maximum peak-to-peak 
output voltage 
vs Frequency 
22 


vs Load resistance 
27 


AVD 
Large-signal differential voltage amplification 
vs Frequency 
28 
vs Free-air temperature 
29 


Zo 
Output impedance 
vs Frequency 
30 


CMRR 
Common-mode 
rejection ratio 
vs Frequency 
31,32 
vs Free-air temperature 
33 


kSVR 
Supply voltage rejection ratio 
vs Free-air temperature 
34 


vs Supply voltage 
35 


10S 
Short-circuit 
output current 
vs Time 
36 
vs Free-air temperature 
37 


Vn 
Equivalent input noise voltage 
vs Frequency 
38,39,40 


ICC 
Supply current 
vs Supply voltage 
41,42,43 
vs Free-air temperature 
44,45,46 


SR 
Slew rate 
vs Load resistance 
47,48 
vs Free-air temperature 
49,50 


Overshoot factor 
vs Load capacitance 
51 


THD 
Total harmonic distortion 
vs Frequency 
52 


B1 
Unity-gain bandwidth 
vs Supply voltage 
53 
vs Free-air temperature 
54 


vs Supply voltage 
55 
<l>m 
Phase margin 
vs Load capacitance 
56 
vs Free-air temperature 
57 


Voltage-follower 
small signal pulse response 
vs Time 
58 


Voltage-follower 
large-signal pulse response 
vs Time 
59,60 


Phase shift 
vs Frequency 
28 
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DISTRIBUTION 
OF TL031 


INPUT 
OFFSET 
VOLTAGE 
DISTRIBUTION 
OF TL031A 


14 
INPUT 
OFFSET 
VOLTAGE 


1681 Units Tested From 1 Wafer Lot 
16 


VCC±=±15V 
1433 Units Tested From 1 Wafer Lot 


12 
TA = 25°C 
14 
VCC±=±15 
V 


P Package 
TA = 25°C 


;Ii. 
P Package 
10 
;Ii. 
12 
I 
~ 
I 
c 
J!l 
10 
:l 
8 
'c 
'0 
:l 
., 
'0 
8 
'" 
., 
~ 
6 
'" 
., 
~ 
6 
~ 
., 
., 
4 
~ 
a. 
., 
a. 


4 


2 
2 


0 
0 
-1.2 
-0.6 
0 
0.6 
1.2 
-900 
-600 
-300 
0 
300 
600 
900 


VIO - Input Offset Voltage - 
mV 
VIO - Input Offset 
Voltage - ~v 
Figure 6 
Figure 7 


DISTRIBUTION 
OF TL032 
DISTRIBUTION 
OF TL032A 


INPUT 
OFFSET 
VOLTAGE 
INPUT 
OFFSET 
VOLTAGE 


12 
15 
1681 Amplifiers 
Tested From 1 Wafer Lot 
1321 Amplifiers 
Tested From 1 Wafer Lot 


VCC±=±15V 
VCC± =±15V 


;Ii. 
TA = 25°C 
12 
TA = 25°C 
I 
9 
P Package 
;Ii. 
P Package 
c 
I 
0 
~ 
:; 
., 
" 
=e 
:E 
Q. 
9 
Q. 
E 
E 
6 
< 
< 
'0 
'0 
., 
., 
'" 
6 
'" 
~ 
~ 
., 
., 
~ 
~ 
3 
., 
., 
a. 


a. 
3 


0 
0 
-1.2 
-0.6 
0 
0.6 
1.2 
-900 
-600 
-300 
0 
300 
600 
900 


VIO - Input Offset 
Voltage - mV 
VIO -Input 
Offset 
Voltage - ~v 
Figure 8 
Figure 9 
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DISTRIBUTION OF TL034 
INPUT OFFSET VOLTAGE 


1681 Amplifiers 
Tested From 1 Wafer Lot 
VCC± = ±15 V 


TA = 25°C 
9 
0 Package 
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Supply Voltage - V 
Figure 55 


TA - Free-Air Temperature - °C 
Figure 54 


PHASE 
MARGIN 
vs 
LOAD 
CAPACITANCE 


VI = 10mV 
"...... 
VCC±=±15V 
RL = 10 kn 
- 
TA = 25°C 


........• 
See Figure 4 - 
SeeNoteA 
_ 
"...... 
r--... 


r-... 
r--... 


r--... 
r--... 


r--... 
...• 


VCC±= ±5 V 
r--... 


50° 


o 
10 
20 
30 
40 
50 
60 
70 
80 
90 
100 


CL - Load Capacitance - pF 


NOTE A: Values of phase margin below a load capacitance 
of 25 pF 
were estimated. 
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PHASE MARGINt 
vs 
FREE-AIR TEMPERATURE 


67° 
16 


VCC±=±15V 
12 
65° 


> 
8 
E 
" 
I 
63° 
Gl 
.~ 
Ol 
4 
•• 
S 
::;; 
;g 
Gl 
III 
61° 
'5 
0 
••J: 
C. 


D. 
'5 
I 
0 
-4 
E 
59° 
I 
..,. 


~ 
VI=10mV 
-8 


57° 
RL=10kQ 
CL = 25 pF 
-12 
See Figure 4 


55° 
-16 
-75 
-50 
-25 
0 
25 
50 
75 
100 
125 
TA - Free-Air Temperature _oc 
Figure 57 


VOLTAGE-FOLLOWER 
LARGE-SIGNAL 
PULSE RESPONSE 


A 
/ 


VCC±=±5V 
RL=10kQ 
I 


CL = 100 pF 
TA = 25°C 
See Figure 1 


1\ 
V 
V 


>I 
GlOl~~ 
0 
'5c. 
'50 
I 
~ 
-1 


2345678 
t-Time-~s 
Figure 59 
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>- 
4 
I 
Gl 
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2 
~~ 
'5 
0 
c. 
'50 
-2 
I 
~ 
-4 


-6 


-8 


VOLTAGE-FOLLOWER 
SMALL-SIGNAL 
PULSE RESPONSE 


I 
VCC±=±15V 
RL=10kn 
"- 


CL=100pF 
TA = 25°C 
See Figure 1 


.I 
.I - 


o 
0.2 
0.4 
0.6 
0.8 
1.0 
1.2 
1.4 
t-Time- 
~s 
Figure 58 


VOLTAGE-FOLLOWER 
LARGE-SIGNAL 
PULSE RESPONSE 


11\ 
/ 
\ 
/ 
VCC±=±15V 
\ 
RL=10kQ 
CL= 100 pF 
/ 


TA = 25°C 
\ 
See Figure 1 


r--1/ 
\ '-- 


o 
2 
4 
6 
8 
10 
12 
14 
16 
18 
t-Time-~s 
Figure 60 
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input characteristics 


The TL03x and TL03xA are specified with a minimum and a maximum input voltage that, if exceeded at either 
input, could cause the device to malfunction. 


Due to of the extremely high input impedance and resulting low bias current requirements, the TL03x and 
TL03xA are well suited for low-level signal processing; however, leakage currents on printed circuit boards and 
sockets can easily exceed bias current requirements and cause degradation in system performance. It is a good 
practice to include guard rings around inputs (see Figure 61). These guards should be driven from a 
low-impedance source at the same voltage level as the common-mode input. 


Unused amplifiers should be connected as grounded unity-gain followers to avoid possible oscillation. 


(b) INvERTING 
AMPLIFIER 


Figure 
61. Use of Guard 
Rings 
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output characteristics 


All operating 
characteristics 
(except 
bandwidth 
and phase margin) 
are specified 
with 1OO-pF load capacitance. 


The TL03x and TL03xA 
drive higher capacitive 
loads; however, 
as the load capacitance 
increases, 
the resulting 
response 
pole occurs 
at lower frequencies, 
thereby 
causing 
ringing, 
peaking, 
or even oscillation. 
The value of 
the load capacitance 
at which 
oscillation 
occurs 
varies 
with production 
lots. If an application 
appears 
to be 
sensitive 
to oscillation 
due to load capacitance, 
adding a small resistance 
in series with the load should alleviate 
the problem 
(see Figure 63). Capacitive 
loads of 1000 pF and larger may be driven if enough 
resistance 
is added 
in series with the output 
(see Figure 62). 


t 


- ---t- 


I 
-t- 
: 


__ J. 


I 


(e) cL= 1000 pF, R = 50 n 


Figure 62. Effect of Capacitive Loads 


5V 
II 


-5V -l L 
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high-Q notch filter 


In general, 
Texas 
Instruments 
enhanced-JFET 
operational 
amplifiers 
serve 
as excellent 
filters. 
The circuit 
in 
Figure 
64 provides 
a narrow 
notch at a specific 
frequency. 
Notch filters are designed 
to eliminate 
frequencies 
that are interfering 
with the operation 
of an application. 
For this filter, the center 
frequency 
can be calculated 
as: 


f 
- 
1 
o - 
21tR1C1 


With the resistors 
and capacitors 
shown 
in Figure 
64, the center 
frequency 
is 1 kHz. C1 = C3 = C2 + 2 and 
R1 = R3 = 2 x R2. The center frequency 
can be modified 
by varying 
these values. 
When 
adjusting 
the center 


frequency, 
ensure 
that the operational 
amplifier 
has sufficient 
gain at the frequency 
required. 


2 


0 


-1 


III 
-2 
'C 
I 
-3 
c: 
"ii 
Cl 
-4 


-5 


-6 


-7 


R1 
R3 
Vo 
VI 
1.5MQ 
1.5MQ 


C2 
-15V 


220 pF 


R3 
750kQ 


C1 
C3 


110 pF 
110 pF 


.,/ , 
- 


/' ...- 


I 
I 


-8 
0.2 
0.4 
0.6 
0.8 
1 
0.2 
0.4 
0.6 
0.8 
2 
f - Frequency - kHz 
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transimpedance 
amplifier 


The low-power precision TL03x allows accurate measurement of low currents. The high input impedance and 
low offset voltage of the TL03xA greatly simplify the design of a transimpedance amplifier. At room temperature, 
this design achieves 1O-bitaccuracy with an error of less than 1/2 LSB. 


Assuming that R2 is much less than R1 and ignoring error terms, the output voltage can be expressed as: 


(R1 + R2) 
VO=-IINxRF 
R2 


Using the resistor values shown in the schematic for a 1-nA input current, the output voltage equals -0.1 V. If 
the Va limit for the TL03xA is measured at ± 12 V, the maximum input current for these resistor values is 
± 120 nA. Similarly, one LSB on a 1O-bitscale corresponds to 12 mV of output voltage, or 120 pA of input current. 


The following equation shows the effect of input offset voltage and input bias current on the output voltage: 


Vo = -ho + RF(IIO + IIB)](R1:2 
R2) 


If the application requires input protection for the transimpedance amplifier, do not use standard PN diodes. 
Instead, use low-leakage Siliconix SN4117 JFETs (or equivalent) connected as diodes across the TL03xA 
inputs as shown in Figure 65. 


As with all precision applications, special care must be taken to eliminate external sources of leakage and 
interference. Other precautions include using high-quality insulation, cleaning insulating surfaces to remove 
fluxes and other residue, and enclosing the application within a protective box. 


10MQ 


15 V 
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Often, 
information 
from 
an analog 
sensor 
must 
be sent over a distance 
to the receiving 
circuitry. 
For many 
applications, 
the most feasible 
method 
involves 
converting 
voltage 
information 
to a current before transmission. 
The following 
circuits give two variations 
of low-power 
current loops. The circuit in Figure 66 requires 
three wires 
from the transmitting 
to receiving 
circuitry 
while the second 
variation 
in Figure 
67 requires 
only two wires but 
includes 
an extra integrated 
circuit. 
Both circuits 
benefit 
from the high input impedance 
of the TL03xA 
since 
many inexpensive 
sensors 
do not have low output 
impedance. 


Assuming 
that the voltage 
at the noninverting 
input of the TL03xA 
is zero, the following 
equation 
determines 
the output 
current: 


10 = VI( 
R1 ~3 R 
S 
) 
+ 5V( 
R2 ~3 R 
S 
) 
= 0.16 
x VI + 4mA 


The circuits 
presently 
provide 
4-mA to 20-mA 
output for an input voltage 
of 0 to 100 mV. By modifying 
R1, R2, 


and R3, the input voltage 
range or the output 
current 
range can be adjusted. 


Including 
the offset voltage of the operational 
amplifier 
in the above equation 
clearly illustrates 
why the low offset 
TL03xA 
was chosen: 


10 = VI( 
R1 ~3 R 
S)+ 
5V(R2 
~3 R 
S 
) 


= 0.16 
x VI + 4mA 
-0.17 
x VI 


For example, 
an offset voltage 
of 1 mV decreases 
the output 
current 
by 0.17 mA. 


Due to the low power consumption 
of the TL03xA, 
both circuits 
have at least 2 mA available 
to drive the actual 
sensor 
from the 5-V reference 
node. 


_ V ( 
R3 
+ 
R3 
+ B.1) 
I 
R1 x RS 
R2 x RS 
RS 


RS 


3.3kQ 


R1 


SkU 


R4 
SkU 


R3 
80kU 


RS 


100Q 
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l00kn 


5 V Ref 


Rl 


5kn 


R5 


3.3kn 


R4 
5kn 


R3 
80kn 


\--- 
VEE = -5 V 


lN4148 


RS 
loon 
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low-level 
light detector 
preamplifier 


Applications 
that need to detect small currents 
require high input-impedance 
operational 
amplifiers; 
otherwise, 


the bias currents 
of the operational 
amplifier 
camouflage 
the current 
being monitored. 
Phototransistors 
provide 
a current 
that is proportional 
to the light reaching 
the transistor. 
The TL03x 
allows 
even the small 
currents 
resulting 
from low-level 
light to be detected. 


In Figure 
68, if there 
is no light, the phototransistor 
is off and the output 
is high. 
As light 
is detected, 
the 
operational 
amplifier 
output begins pUlling low. Adjusting 
R4 both compensates 
for offset voltage of the amplifier 
and adjusts 
the point of light detection 
by the amplifier. 


R6 


10kn 


C1 
100 pF 


R7 


10kn 
TIL601 
::::: 
....-.. 
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audio-distribution 
amplifier 


This audio-distribution 
amplifier 
(see Figure 69) feeds the input signal to three separate 
output channels. 
U1 A 
amplifies 
the input signal with a gain of 10, while U1 B, U1 C, and U1 0 serve as buffers to the output channels. 


The gain response 
of this circuit is very flat from 20 Hz to 20 kHz. The TL03x allows quick response 
to the input 
signal while 
maintaining 
low power consumption. 


R4 
1 Mn 


R1 
R2 
100 kn 
100 kn 


VCC+ 
RS 
10kn 


C2 
R3 
T 100llF 
100 kn 


-=- 
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instrumentation 
amplifier 
with linear gain adjust 


The 
low 
offset 
voltage 
and 
low 
power 
consumption 
of the 
TL03x 
provide 
an accurate 
but 
inexpensive 
instrumentation 
amplifier 
(see Figure 70). This particular 
configuration 
offers the advantage 
that the gain can 


be linearly 
set by one resistor: 


Va =...B2 
x (VB - VA) 
R5 


Adjusting 
R6 varies the gain. The value of R6 should 
always 
be greater 
or equal to the value of R5 in order to 
ensure 
stability. 
The disadvantage 
of this 
instrumentation 
amplifier 
topology 
is the high 
degree 
of CMRR 
degradation 
resulting 
from 
mismatches 
between 
R1. R2, R3, and 
R4. For this reason, 
these 
four 
resistors 
should 
be 0.1 % tolerance 
resistors. 


Rl 
10 kn 
0.1% 


R3 
10 kn 
0.1% 


RS 
R6 
100 kn 
1 Mil 


R2 
10 kn 
0.1% 


R4 
10 kn 
0.1% 
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• 
Direct Upgrades to TL07x and TL08x BiFET 
Operational 
Amplifiers 


• 
Faster Slew Rate (20 VlIlS Typ) Without 
Increased Power Consumption 


• 
On-Chip Offset Voltage Trimming for 
Improved DC Performance 
and Precision 
Grades Are Available (1.5 mV, TL051A) 


• 
Available in TSSOP for Small Form-Factor 
Designs 


description 


The TL05x series of JFET-input 
operational 
amplifiers 
offers improved 
de and ac characteristics 
overthe 
TL07x 


and TL08x 
families 
of BiFET operational 
amplifiers. 
On-chip 
zener trimming 
of offset voltage 
yields 
precision 
grades as low as 1.5 mV (TL051 A) for greater accuracy 
in dc-coupled 
applications. 
Texas Instruments 
improved 
BiFET 
process 
and optimized 
designs 
also yield improved 
bandwidth 
and slew rate without 
increased 
power 
consumption. 
The TL05x 
devices 
are pin-compatible 
with the TL07x 
and TL08x 
and can be used to upgrade 
existing 
circuits 
or for optimal 
performance 
in new designs. 


BiFET operational 
amplifiers 
offer the inherently 
higher input impedance 
of the JFET-input 
transistors, 
without 
sacrificing 
the output drive associated 
with bipolar amplifiers. 
This makes them better suited for interfacing 
with 
high-impedance 
sensors 
or very low-level 
ac signals. 
They 
also feature 
inherently 
better 
ac response 
than 
bipolar 
or CMOS 
devices 
having 
comparable 
power consumption. 


The TL05x 
family 
was designed 
to offer higher 
precision 
and better ac response 
than the TL08x 
with the low 
noise floor of the TL07x. 
Designers 
requiring 
significantly 
faster 
ac response 
or ensured 
lower noise should 
consider 
the Excalibur 
TLE208x 
and TLE207x 
families 
of BiFET operational 
amplifiers. 


PACKAGED 
DEVICES 


Vlomax 
CHIP 


TA 
SMALL 
CHIP 
CERAMIC 
CERAMIC 
PLASTIC 
PLASTIC 
FORM:j: 


AT 25°C 
OUTLINEt 
CARRIER 
DIP 
DIP 
DIP 
DIP 
(Y) 


(D) 
(FK) 
(J) 
(JG) 
(N) 
(P) 


BOOIlV 
TLD51ACD 
- 
- 
- 
- 
TLD51ACP 
TLD52ACD 
.. 
TLD52ACP 


TLD51CD 
TLD51Y 


DoCto 70°C 
1.5mV 
TLD52CD 
TLD54ACN 
TLD51CP 
TLD52Y 
- 
- 
- 
TLD52CP 
TLD54ACD 
TLD54Y 


4mV 
TLD54CD 
- 
- 
- 
TLD54CN 
- 


BDDIlV 
TLD51AID 
- 
- 
- 
- 
TLD51AIP 


TLD52AID 
TLD52AIP 


-40°C 
to B5°C 
TLD511D 
TLD511P 
1.5mV 
TLD521D 
TLD54AIN 
- 
- 
- 
- 
TLD521P 
TL054AID 


4mV 
TLD541D 
- 
- 
TLD541N 
- 


BDOIlV 
TL051AMD 
TLD51AMFK 
TLD51AMJG 
TLD51AMP 
TLD52AMD 
TLD52AMFK 
- 
TLD52AMJG 
- 
TLD52AMP 


-55°C 
to 125°C 
TLD51MD 
TLD51MFK 
TLD51MP 
1.5mV 
TLD52MD 
TLD52MFK 
TLD54AMJ 
TLD51MJG 
TL054AMN 
- 


TLD54AMD 
TLD54AMFK 
TLD52MJG 
TLD52MP 


4mV 
TLD54MD 
TL054MFK 
TLD54MJ 
- 
TLD54MN 
- 


TheD 
acka 
es are available ta ed and reeled. Add R suffix to device 
e e. . TLD54CDR. 


PRODUCTION 
DATA 
information 
I, current 
as 
01 publication 
date. 


Products 
conform 
to specifications 
per the terms 
of Texas 
Instruments 


standard 
warranty. 
Production 
processing 
does not necessarily 
include 


testing 
01 all parameters. 
~TEXAS 
INSTRUMENTS 


TL05x, TL05xA, TL05xY 
ENHANCED·JFET 
LOW·OFFSET 
OPERATIONAL AMPLIFIERS 
SLOS178 
- FEBRUARY 
1997 


Because BiFET operational amplifiers are designed for use with dual power supplies, care must be taken to 
observe common-mode input voltage limits and output swing when operating from a single supply. DC biasing 
of the input signal is required and loads should be terminated to a virtual-ground node at midsupply. Texas 
Instruments TLE2426 integrated virtual ground generator is useful when operating BiFET amplifiers from single 
supplies. 


The TL05x are fully specified at ±15 V and ±5 V. For operation in low-voltage and/or single-supply systems, 
Texas Instruments LinCMOS families of operational amplifiers (TLC-prefix) are recommended. When moving 
from BiFET to CMOS amplifiers, particular attention should be paid to the slew rate and bandwidth 
requirements, and also the output loading. 


TL051 
D, JG, OR P PACKAGE 
(TOP VIEW) 


OFFSET N1 D8 
NC 
IN- 
2 
7 
Vcc+ 
IN+ 
3 
6 
OUT 
Vcc- 
4 
5 
OFFSET N2 


TL051 
FKPACKAGE 
(TOP VIEW) 
Z 
ti:i 
en 
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zOzzz 


3 
2 
1 
2019 
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18 


5 
17 
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16 
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15 


8 
14 
9 1011 
1213 


NC 


Vcc+ 
NC 
OUT 
NC 


UIUC\lU 
zuzzz 
.y 
ti:i 
~ 
LLo 
NC - No internal connection 


TL052 
D, JG, OR P PACKAGE 
(TOP VIEW) 


lOUTD8 
VCC+ 
11N- 
2 
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20UT 
11N+ 
3 
6 
21N- 


VCC- 
4 
5 
21N+ 
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NC 
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(TOP VIEW) 
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40UT 
41N- 
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:::=t>-0UT 


{ 
OFFSETNl 
See Note A 
OFFSET N2 


Rl 


ACTUAL DEVICE COMPONENT 
COUNTt 


COMPONENT 
TL051 
TL052 
TL054 


Transistors 
20 
34 
62 


Resistors 
10 
19 
37 


Diodes 
2 
3 
5 


Capacitors 
1 
2 
4 
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This chip, when 
properly 
assembled, 
displays 
characteristics 
similar 
to the TL051. 
Thermal 
compression 
or 
ultrasonic 
bonding 
may be used on the doped-aluminum 
bonding 
pads. Chips may be mounted 
with conductive 
epoxy 
or a gold-silicon 
preform. 


IN+ 
(3) 


(2) 
OUT 
IN- 


+ 
(1) 
iii+ 
OFFSETNl 


OFFSETN2 
(5) 


T 


-=63 


CHIP THICKNESS: 
15 MILS TYPICAL 


BONDING 
PADS: 4 x 4 MILS MINIMUM 


TJmax = 150°C 


TOLERANCES 
ARE ±10%. 


ALL DIMENSIONS 
ARE IN MILS. 


PIN (4) IS INTERNALLY 
CONNECTED 
TO BACKSIDE 
OF CHIP. 


IIIl 
43 
~ 


1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'['1' 
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TL052Y 
chip information 


This chip, when 
properly 
assembled, 
displays 
characteristics 
similar 
to the TL052. 
Thermal 
compression 
or 
ultrasonic 
bonding 
may be used on the doped-aluminum 
bonding 
pads. Chips may be mounted 
with conductive 
epoxy or a gold-silicon 
preform. 


11N+ 
(3) 


(2) 
11N- 


21N+ 


(6) 
21N- 


CHIP THICKNESS: 
15 MILS TYPICAL 


BONDING 
PADS: 4 x 4 MILS MINIMUM 


TJmax = 150°C 


TOLERANCES 
ARE ±10%. 


ALL DIMENSIONS 
ARE IN MILS. 


PIN (4) IS INTERNALLY 
CONNECTED 
TO BACKSIDE 
OF CHIP. 


~TEXAS 
INSTRUMENTS 


TL05x, TL05xA,TL05xY 
ENHANCED·JFET LOW·OFFSET 
OPERATIONAL AMPLIFIERS 
SLOS 178 - FEBRUARY 
1997 


TL054 chip information 


This chip, when properly assembled, displays characteristics similar to the TL054C. Thermal compression or 
ultrasonic bonding may be used on the doped-aluminum bonding pads. These chips may be mounted with 
conductive epoxy or a gold-silicon preform. 


11N+ 
(3) 


(2) 
10UT 
11N- 


21N+ 
20UT 
21N- 
31N+ 


30UT 
31N- 


41N+ 
40UT 
41N- 


CHIP THICKNESS: 
15 MilS 
TYPICAL 


BONDING 
PADS: 4 x 4 MilS 
MINIMUM 


TJmax = 150°C 


TOLERANCES 
ARE ±10%. 


All 
DIMENSIONS 
ARE IN MilS. 


PIN (11) IS INTERNAllY 
CONNECTED 
TO BACKSIDE 
OF THE CHIP. 
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TL05x, TL05xA,TL05xY 
ENHANCED·JFET LOW·OFFSET 
OPERATIONAL AMPLIFIERS 
SLOS178- 
FEBRUARY 
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 


Supply voltage, Vcc+ (see Note 1) 
18 V 
Supply voltage, Vcc- (see Note 1) 
-18 V 
Differential input voltage (see Note 2) 
±30 V 
Input voltage range, VI (any input, see Notes 1 and 3) 
± 15 V 
Input current, II (each input) 
±1 mA 
Output current, 10 (each output) 
±80 mA 
Total current into Vcc + 
160 mA 
Total current out of VCC- 
160 mA 
Duration of short-circuit current at (or below) 25°C (see Note 4) 
unlimited 
Continuous total power dissipation 
See Dissipation Rating Table 
Operating free-air temperature range, TA: 
C suffix 
O°Cto 70°C 
I suffix 
-40°C to 85°C 
M suffix 
-55°C to 125°C 
Storage temperature range 
-65°C to 150°C 
Case temperature for 60 seconds: FK package 
260°C 
Lead temperature 1,6 mm (1/16inch) from case for 10 seconds: D, N, or P package 
260°C 
Lead temperature 1,6 mm (1/16inch) from case for 60 seconds: J or JG package 
300°C 


t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 


functional operation of the device at these or any other conditions beyond those indicated under "recommended 
operating conditions" 
is not 
implied. Exposure to absolute-maximum-rated 
conditions for extended periods may affect device reliability. 
NOTES: 
1. 
All voltage values, except differential voltages, are with respect to the midpoint between VCC+ and VCC-. 


2. 
Differential voltages are at IN+ with respect to IN-. 


3. 
The magnitude of the input voltage must never exceed the magnitude of the supply voltage or 15 V, whichever 
is less. 
4. 
The output may be shorted to either supply. Temperature 
and/or supply voltages 
must be limited to ensure that the maximum 
dissipation rating is not exceeded. 


PACKAGE 
TA" 
25°C 
DERATING FACTOR 
TA = 70°C 
TA=85°C 
TA = 125°C 
POWER RATING 
ABOVE TA = 25°C 
POWER RATING 
POWER RATING 
POWER RATING 


D-8 
725mW 
5.8mW/"C 
464mW 
377mW 
145mW 


0-14 
950mW 
7.6mW/oC 
608mW 
494mW 
190mW 


FK 
1375mW 
11.0mW/oC 
880mW 
715mW 
275mW 


J 
1375 mW 
11.0mW/oC 
880mW 
715mW 
275mW 


JG 
1050mW 
8.4 mW/oC 
672mW 
546mW 
210mW 


N 
1575mW 
12.6mW/oC 
1008mW 
819mW 
315mW 
p 
1000mW 
8.0mW/oC 
640mW 
520mW 
200mW 


CSUFFIX 
I SUFFIX 
M SUFFIX 


MIN 
MAX 
MIN 
MAX 
MIN 
MAX 
UNIT 


Supply voltage, VCC± 
±5 
±15 
±5 
±15 
±5 
±15 
V 


IVCC±-±5V 
-1 
4 
-1 
4 
-1 
4 
Common-mode 
input voltage, VIC 
IVCC±=±15V 
11 
11 
V 
-11 
-11 
-11 
11 


Operating free-air temperature, 
TA 
0 
70 
-40 
85 
-55 
125 
°c 
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INSTRUMENTS 
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ENHANCED-JFET 
LOW-OFFSET 
OPERATIONAL AMPLIFIERS 
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TL051C, TL051AC 


PARAMETER 
TEST CONDITIONS 
TAt 
VCC+=±5V 
VCC±=±15V 
UNIT 


MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


25°C 
0.75 
3.5 
0.59 
1.5 
TL051C 
4.5 
2.5 
Full range 
VIO 
Input offset voltage 
mV 
25°C 
0.55 
2.8 
0.35 
0.8 
TL051AC 
3.8 
1.8 
Full range 
VO=O. 
25°C to 
VIC=O, 
TL051C 
70°C 
8 
8 


aVIO 
Temperature coefficient 
RS = 50Q 
JlV/oC 
of input offset voltage:j: 
25°C to 
TL051AC 
70°C 
8 
8 
25 


Input offset voltage 
25°C 
0.04 
0.04 
JlV/mo 
long-term drift§ 


VO=O. 
V'C=O. 
25°C 
4 
100 
5 
100 
pA 
110 
Input offset current 
See Figure 5 
70°C 
0.02 
1 
0.025 
1 
nA 


VO=O. 
VIC=O. 
25°C 
20 
200 
30 
200 
pA 
liB 
Input bias current 
See Figure 5 
70°C 
0.15 
4 
0.2 
4 
nA 


-1 
-2.3 
-11 
-12.3 
25°C 
to 
to 
to 
to 


Common-mode 
input 
4 
5.6 
11 
15.6 
VICR 
V 
voltage range 
-1 
-11 
Full range 
to 
to 
4 
11 


25°C 
3 
4.2 
13 
13.9 


Maximum positive peak 
RL= 
10 kQ 
Full range 
3 
13 
VOM+ 
V 
output voltage swing 
25°C 
2.5 
3.8 
11.5 
12.7 
RL=2 
kQ 
Full range 
2.5 
11.5 


25°C 
-2.5 
-3.5 
-12 
-13.2 


Maximum negative peak 
RL= 
10 kQ 
Full range 
-2.5 
-12 
VOM- 
output voltage swing 
V 
25°C 
-2.3 
-3.2 
-11 
-12 
RL = 2 kQ 
Full range 
-2.3 
-11 


25°C 
25 
59 
50 
105 


AVD 
Large-signal 
differential 
RL=2 
kQ 
O°C 
30 
65 
60 
129 
V/mV 
voltage amplification'll 
70°C 
20 
46 
30 
85 


ri 
Input resistance 
25°C 
1012 
1012 
Q 


ci 
Input capacitance 
25°C 
10 
12 
pF 


25°C 
65 
85 
75 
93 


CMRR 
Common-mode 
VIC = VICRmin, 
O°C 
65 
84 
75 
92 
dB 
rejection ratio 
VO=O, 
RS = 50Q 
70°C 
65 
84 
75 
91 


25°C 
75 
99 
75 
99 


kSVR 
Supply-voltage 
rejection 
VO=O, 
RS =50Q 
O°C 
75 
98 
75 
98 
dB 
ratio (6VCC±/6VIO) 
70°C 
75 
97 
75 
97 


25°C 
2.6 
3.2 
2.7 
3.2 


ICC 
Supply current 
VO=O. 
No load 
O°C 
2.7 
3.2 
2.8 
3.2 
mA 


70°C 
2.6 
3.2 
2.7 
3.2 


t Full range is O°C to 70°C. 
:j:This parameter is tested on a sample basis for the TL051 A. For other test requirements, please contact the factory. This statement has no bearing 


on testing or nontesting of other parameters. 
§ Typical values are based on the input offset voltage shift observed 
through 
168 hours of operating 
life test at TA = 150°C extrapolated 
to 
TA = 25°C using the Arrhenius equation and assuming an activation energy of 0.96 eV. 
'II For VCC± = ±5 V, Vo = ±2.3 V, or for VCC± = ±15 V, Vo = ±10 V. 
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TL051C, TL051AC 


PARAMETER 
TEST CONDITIONS 
TAt 
VCC±=±5 
V 
VCC±=±15V 
UNIT 


MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


25°C 
16 
13 
20 


SR+ 
Positive slew rate 
Full 
at unity gain; 
16.4 
11 
22.6 
RL = 2 kn, 
CL = 100 pF, 
range 
V/Jls 
See Figure 1 
25°C 
15 
13 
18 


SR- 
Negative slew rate 
Full 
at unity gain; 
16 
11 
19.3 
range 


25°C 
55 
56 


tr 
Rise time 
O°C 
54 
55 


70°C 
63 
63 


VI(PP) = ±10 mY, 
ns 
25°C 
55 
57 


tl 
Fall time 
RL = 2 kn, 
O°C 
54 
56 
CL = 100 pF, 
See Figures 1 and 2 
70°C 
62 
64 


25°C 
24% 
19% 


Overshoot lactor 
O°C 
24% 
19% 


70°C 
24% 
19% 


Equivalent input noise 
1= 10 Hz 
25°C 
75 
75 
Vn 
voltage§ 
RS=20n, 
1= 1 kHz 
25°C 
nV/% 
18 
18 
30 


Peak-to-peak 
equivalent 
See Figure 3 
1= 10Hzto 
VN(PP) 
input noise voijage 
10 kHz 
25°C 
4 
4 
JlV 


In 
Equivalent input 
1= 1 kHz 
25°C 
0.01 
0.01 
pAlVRi 
noise current 


THD 
Total harmonic distortionll 
RS = 1 kn, 
RL = 2 kn, 
25°C 
0.003% 
0.003% 
1= 1 kHz 


25°C 
3 
3.1 


81 
Unity-gain bandwidth 
VI=10mV, 
RL=2kn, 
O°C 
3.2 
3.3 
MHz 
CL =25 pF, 
See Figure 4 
70°C 
2.7 
2.8 


25°C 
59° 
62° 


<Pm 
Phase margin at unity 
VI=10mV, 
RL=2kn, 
O°C 
58° 
62° 
gain 
CL =25 pF, 
See Figure 4 
70°C 
59° 
62° 


t Full range is O°C to 70°C. 
; For VCC± = ±5 V, VI(PP) = ± 1 V; lor VCC± = ± 15 V, VI(PP) = ±5 V. 
§ This parameter is tested on a sample basis lorthe TL051 A. For other test requirements, please contact the lactory. This statement has no bearing 
on testing or nontesting 01other parameters. 


11 For VCC± = ±5 V, Vomns = 1 V; lor VCC± = ±15 V, Vomns = 6 V. 
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TL051I, TL051 AI 


PARAMETER 
TEST CONDITIONS 
TAt 
VCC+=±5 
V 
VCC±=±15V 
UNIT 


MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


25°C 
0.75 
3.5 
0.59 
1.5 
TL051 I 
Full range 
5.3 
3.3 
VIO 
Input offset voltage 
0.35 
mV 
25°C 
0.55 
2.8 
0.8 
TL051AI 
Full range 
4.6 
2.6 
VO=O, 
25°C to 
VIC=O, 
TL051 I 
85°C 
7 
8 


CtVIO 
Temperature coefficient of 
RS =500 
/lV/oC 
input offset voltagel 
TL051AI 
25°C to 
8 
8 
25 
85°C 


Input offset voltage 
25°C 
0.04 
0.04 
/lV/mo 
long-term drift§ 


VO=O, 
VIC=O, 
25°C 
4 
100 
5 
100 
pA 
110 
Input offset current 
See Figure 5 
85°C 
0.06 
10 
0.07 
10 
nA 


VO=O, 
VIC=O, 
25°C 
20 
200 
30 
200 
pA 
liB 
Input bias current 
See Figure 5 
85°C 
0.6 
20 
0.7 
20 
nA 


-1 
-2.3 
-11 
-12.3 
25°C 
to 
to 
to 
to 


Common-mode 
input 
4 
5.6 
11 
15.6 
VICR 
V 
voltage range 
-1 
-11 
Full range 
to 
to 
4 
11 


25°C 
3 
4.2 
13 
13.9 


Maximum positive peak 
RL = 10 kQ 
Full range 
3 
13 
VOM+ 
V 
output voltage swing 
25°C 
2.5 
3.8 
11.5 
12.7 
RL=2 
kQ 
Full range 
2.5 
11.5 


25°C 
-2.5 
-3.5 
-12 
-13.2 


Maximum negative peak 
RL=10kQ 
Full range 
-2.5 
-12 
VOM- 
V 
output voltage swing 
25°C 
-2.3 
-3.2 
-11 
-12 
RL = 2 kQ 
Full range 
-2.3 
-11 


25°C 
25 
59 
50 
105 


AVD 
Large-signal 
differential 
RL=2 
kQ 
-40°C 
30 
74 
60 
145 
V/mV 
voltage amplificationll 
85°C 
20 
43 
30 
76 


ri 
Input resistance 
25°C 
1012 
1012 
0 


ci 
Input capacitance 
25°C 
10 
12 
pF 


VIC = VICRmin, 
25°C 
65 
85 
75 
93 
Common-mode 
CMRR 
rejection ratio 
VO=O, 
-40°C 
65 
83 
75 
90 
dB 
RS =500 
85°C 
65 
84 
75 
93 


25°C 
75 
99 
75 
99 


kSVR 
Supply-voltage 
rejection 
VO=O, 
-40°C 
75 
98 
75 
98 
dB 
ratio (6VCC±ltNIO) 
RS=500 
85°C 
75 
99 
75 
99 


25°C 
2.6 
3.2 
2.7 
3.2 


ICC 
Supply current 
VO=O, 
No load 
-40°C 
2.4 
3.2 
2.6 
3.2 
mA 


85°C 
2.5 
3.2 
2.6 
3.2 
t Full range is - 40°C to 85°C 
l This parameter is tested on a sample basis for the TL051 A. For other test requirements, please contact the factory. This statement has no bearing 
on testing or nontesting of other parameters. 
§ Typical values are based on the input offset voltage shift observed through 
168 hours of operating 
life test at TA = 150°C extrapolated 
to 
TA = 25°C using the Arrhenius equation and assuming an activation energy of 0.96 eV. 


11 For VCC± = ±5 V, Vo = ±2.3 V, or for VCC± = ±15 V, Vo = ±10 V. 
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TL051I, TL051AI 


PARAMETER 
TEST CONDITIONS 
TAt 
VCC+=±5V 
VCC+=±15V 
UNIT 


MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


25°C 
16 
13 
20 


SR+ 
Positive slew rate 
Full 
at unity gain:!: 
11 
RL=2 
kn, 
CL = 100 pF, 
range 
V/flS 
See Figure 1 
25°C 
15 
13 
18 


SR- 
Negative slew rate 
Full 
at unity gain:!: 
11 
range 
, 


25°C 
55 
56 


tr 
Rise time 
-40°C 
52 
53 


85°C 
64 
65 


VI(PP) = ±10 mY, 


ns 
25°C 
55 
57 


tf 
Fall time 
RL = 2 kn, 
-40°C 
51 
53 
CL = 100 pF, 
See Figures 1 and 2 
85°C 
64 
65 


25°C 
24% 
19% 


Overshoot factor 
-40°C 
24% 
19% 


85°C 
24% 
19% 


Equivalent input noise 
f= 10 Hz 
25°C 
75 
75 
Vn 
voltage§ 
RS=20n, 
f= 
1 kHz 
25°C 
nV/~ 
18 
18 
30 


Peak-to-peak 
equivalent 
See Figure 3 
f= 
10 Hz to 
VN(PP) 
input noise voltage 
10 kHz 
25°C 
4 
4 
flY 


In 
Equivalent input 
f= 
1 kHz 
25°C 
0.01 
0.01 
pAl~ 
noise current 


THD 
Total harmonic distortion 11 
RS = 1 kn, 
RL = 2 kn, 
25°C 
0.003% 
0.003% 
f = 1 kHz 


25°C 
3 
3.1 


81 
Unity-gain bandwidth 
VI = 10 mY, 
RL = 2 kn, 
-40°C 
3.5 
3.6 
MHz 
CL = 25 pF, 
See Figure 4 
85°C 
2.6 
2.7 


25°C 
59° 
62° 


<l>m 
Phase margin at unity 
VI=10mV, 
RL = 2 kn, 
-40°C 
58° 
61° 
gain 
CL = 25 pF, 
See Figure 4 
85°C 
59° 
62° 


t Full range is -40°C 
to 85°C. 
:!:For VCC± = ±5 V, VI(PP) = ±1 V; for VCC± = ±15 V, VI(PP) = ±5 V. 
§ This parameter is tested on a sample basis forthe TL051 A. Forothertest 
requirements, please contactthefactory. 
This statement has no bearing 
on testing or nontesting of other parameters. 
11 For VCC± = ±5 V, VOrms = 1 V; for VCC± = ±15 V, Vorms 
= 6 V. 
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TL051 M, TL051 AM 


PARAMETER 
TEST CONDITIONS 
TAt 
VCC+=±5 
V 
VCC ± = ± 15 V 
UNIT 


MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


25C 
0.75 
3.5 
0.59 
1.5 
TL051M 
6.5 
4.5 
VIO 
Input offset voltage 
Full range 
mV 
25°C 
0.55 
2.8 
0.35 
0.8 
TL051AM 
Full range 
5.8 
3.8 
VO=O, 
25°C to 
VIC=O, 
TL051M 
8 
8 
Temperature coefficient of 
RS=50Q 
125°C 
aVIO 
input offset voltage 
25°C to 
/lV/oC 


TL051AM 
125°C 
8 
8 


Input offset voltage 
25°C 
0.04 
0.04 
/lV/mo 
long-term drift:!: 


VO=O, 
VIC=O, 
25°C 
4 
100 
5 
100 
pA 
110 
Input offset current 
See Figure 5 
125°C 
1 
20 
2 
20 
nA 


Vo = 0, VIC = 0, 
25°C 
20 
200 
30 
200 
pA 
liB 
Input bias current 
See Figure 5 
125°C 
10 
50 
20 
50 
nA 


-1 
-2.3 
-11 
-12.3 
25°C 
to 
to 
to 
to 


Common-mode 
input 
4 
5.6 
11 
15.6 
VICR 
voltage range 
V 
-1 
-11 
Full range 
to 
to 
4 
11 


25°C 
3 
4.2 
13 
13.9 


Maximum positive peak 
RL= 
10 kQ 
Full range 
3 
13 
VOM+ 
output voltage swing 
V 
25°C 
2.5 
3.8 
11.5 
12.7 
RL=2 
kQ 
Full range 
2.5 
11.5 


25°C 
-2.5 
-3.5 
-12 
-13.2 


Maximum negative peak 
RL = 10 kQ 
Full range 
-2.5 
-12 
VOM- 
output voltage swing 
V 
25°C 
-2.3 
-3.2 
-11 
-12 
RL=2 
kQ 
Full range 
-2.3 
-11 


25°C 
25 
59 
50 
105 


AVD 
Large-signal 
differential 
RL = 2 kQ 
-55°C 
30 
76 
60 
149 
V/mV 
voltage amplification§ 
125°C 
10 
32 
15 
49 


ri 
Input resistance 
25°C 
1012 
1012 
Q 


ci 
Input capacitance 
25°C 
10 
12 
pF 


VIC = VICRmin, 
25°C 
65 
85 
75 
93 
Common-mode 
CMRR 
rejection ratio 
VO=O, 
-55°C 
65 
83 
75 
92 
dB 
RS= 50Q 
125°C 
65 
84 
75 
94 


25°C 
75 
99 
75 
99 


kSVR 
Supply-voltage 
rejection 
VO=O, 
RS =50Q 
-55°C 
75 
98 
75 
98 
dB 
ratio (<l.VCC±/tNIO) 
125°C 
75 
100 
75 
100 


25°C 
2.6 
3.2 
2.7 
3.2 


ICC 
Supply current 
VO=O, 
No load 
-55°C 
2.3 
3.2 
2.4 
3.2 
mA 


125°C 
2.4 
3.2 
2.5 
3.2 
t Full range is -55°C 
to 125°C. 
:!:Typical values are based on the input offset voltage shift observed through 
168 hours of operating 
life test at TA = 150°C extrapolated 
to 
TA = 25°C using the Arrhenius equation and assuming an activation energy of 0.96 eV. 


§ For VCC± = ± 5 V, Vo = ±2.3 V, orfor 
VCC± =±15 
V, Vo = ±10 V. 
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TL051 M, TL051 AM 


PARAMETER 
TEST CONDITIONS 
TA 
VCC±=±5V 
VCC+=±15V 
UNIT 


MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


SR+ 
Positive slew rate 
25°C 
16 
13 
20 
at unity gaint 
RL = 2 kQ, 
CL = 100 pF, 
V/Jls 
Negative slew rate 
See Figure 1 
SR- 
at unity gaint 
25°C 
15 
13 


25°C 
55 
56 


tr 
Rise time 
-55°C 
51 
52 


125°C 
68 
68 
ns 
VI(PP) = ±10 mY, 
25°C 
55 
57 


tl 
Fall time 
RL = 2 kQ, 
-55°C 
51 
52 
CL = 100 pF, 


125°C 
See Figures 1 and 2 
68 
69 


25°C 
24% 
19% 


Overshoot factor 
-55°C 
25% 
19% 


125°C 
25% 
19% 


Equivalent input noise 
1= 10 Hz 
25°C 
75 
75 
nV/-IHZ 
Vn 
voltagel 
RS = 20 Q, 
f = 1 kHz 
25°C 
, 
18 
19 


Peak-to-peak 
equivalent 
See Figure 3 
1= 10 Hz to 
VN(PP) 
input noise voltage 
10 kHz 
25°C 
4 
4 
JlV 


In 
Equivalent input noise 
1= 1 kHz 
25°C 
0.01 
0.01 
pA/-IHZ 
current 


THD 
Total harmonic distortion§ 
RS = 1 kQ, 
RL = 2kQ, 
25°C 
0.003% 
0.003% 
1=1 
kHz 


25°C 
3 
3.1 


81 
Unity-gain bandwidth 
VI=10mV, 
RL = 2 kQ, 
-55°C 
3.6 
3.7 
MHz 
CL =25 pF, 
See Figure 4 
125°C 
2.3 
2.4 


25°C 
59° 
62° 


<l>m 
Phase margin at unity 
VI=10mV, 
RL = 2 kQ, 
-55°C 
5]0 
61° 
gain 
CL = 25 pF, 
See Figure 4 
125°C 
59° 
62° 


t For VCC± = ±5 V, VJ(PP) = ±1 V; lor VCC± = ±15 V, VI(PP) = ±5 V. 
l This parameter is tested on a sample basis lor the TL051 A. For other test requirements, 
please contact the lactory. This statement has no bearing 
on testing or nontesting 01other parameters. 
§ For VCC± = ±5 V, Vorms 
= 1 V; lor VCC± = ±15 V, Vorms 
= 6 V. 


~TEXAS 
INSTRUMENTS 


TL05x, TL05xA,TL05xY 
ENHANCED·JFET LOW·OFFSET 
OPERATIONAL AMPLIFIERS 
SLOS178- 
FEBRUARY 
1997 


TL051Y 


PARAMETER 
TEST CONDITIONS 
VCC+=±5V 
VCC+=±15V 
UNIT 


MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


VIO 
Input offset voltage 
VO=O, 
VIC=O, 
0.75 
0.59 
mV 
RS= son 


110 
Input offset current 
VO=O, 
VIC=O, 
4 
5 
pA 
See Figure 5 


liB 
Input bias current 
VO=O, 
VIC=O, 
20 
30 
pA 
See Figure 5 


-2.3 
-12.3 


VICR 
Common-mode 
input voltage range 
to 
to 
V 
5.6 
15.6 


VOM+ 
Maximum positive peak output voltage 
RL= 
10 kQ 
4.2 
13.9 
V 
swing 
RL = 2 kn 
3.8 
12.7 


VOM- 
Maximum negative peak output voltage 
RL=10kn 
-3.5 
-13.2 
V 
swing 
RL=2 
kQ 
-3.2 
-12 


AVD 
Large-signal 
differential voltage 
RL=2kQ 
59 
105 
V/mV 
amplification t 


r; 
Input resistance 
1012 
1012 
n 


ci 
Input capacitance 
10 
12 
pF 


CMRR 
Common-mode 
rejection ratio 
VIC = VICRmin, 
85 
93 
dB 
VO=O, 
RS = son 


kSVR 
Supply-voltage 
rejection ratio 
VO=O, 
RS = son 
99 
99 
dB 
(I'NCC+/!'.VIOJ 


ICC 
Supply current 
VO=O, 
No load 
2.6 
2.7 
mA 


~TEXAS 
INSTRUMENTS 


TL05x, TL05xA,TL05xY 
ENHANCED·JFET LOW·OFFSET 
OPERATIONAL AMPLIFIERS 
SLOS178 
- FEBRUARY 
1997 


TL051Y 


PARAMETER 
TEST CONDITIONS 
VCC+=±5V 
VCC±=±15V 
UNIT 


MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


SR+ 
Positive slew rate at unity gaint 
RL = 2 kQ, 
CL = 100 pF, 
16 
20 
V/IlS 
SR- 
Negative slew rate at unity gaint 
See Figure 1 
15 
18 


tr 
Rise time 
VI(PP) = ±10 mY, 
55 
56 
RL = 2 kQ, 
ns 
tl 
Fall time 
CL = 100 pF, 
55 
57 


Overshoot lactor 
See Figures 1 and 2 
24% 
19% 


1= 10 Hz 
75 
75 
nV/VHZ 
Vn 
Equivalent input noise voltagel 
RS =20n, 
1=1 
kHz 
18 
18 


Peak-to-peak 
equivalent input 
See Figure 3 
1=10Hzto 
VN(PP) 
noise voltage 
10 kHz 
4 
4 
IlV 


In 
Equivalent input noise current 
1=1 
kHz 
0.01 
0.01 
pAlVHZ 


THO 
Total harmonic distortion§ 
RS = 1kn, 
RL=2 
kQ, 
0.003% 
0.003% 
1=1 
kHz 


81 
Unity-gain bandwidth 
VJ=10mV, 
RL = 2 kQ, 
3 
3.1 
MHz 
CL = 25 pF, 
See Figure 4 


<l>m 
Phase margin at unity gain 
V,=10mV, 
RL=2 
kQ, 
59° 
62° 
CL =25 pF, 
See Figure 4 
t For VCC± = ±5 V, VJ(PP) = ±1 V; lor VCC± = ±15 V, VJ(PP) = ±5 V. 
l This parameter is tested on a sample basis lor the TL051 A. For other test requirements, 
please contact the lactory. This statement has no bearing 
on testing or nontesting 01other parameters. 
§ For VCC± = ±5 V, VOrms = 1 V; lor VCC± = ±15 V, VOrms = 6 V. 


~TEXAS 
INSTRUMENTS 


TL05x, TL05xA, TL05xY 
ENHANCED-JFET 
LOW·OFFSET 
OPERATIONAL AMPLIFIERS 
SLOS178- FEBRUARY1997 


TL052C, TL052AC 


PARAMETER 
TEST CONDITIONS 
TAt 
VCC+=±5V 
VCC±=±15V 
UNIT 


MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


25°C 
0.73 
3.5 
0.65 
1.5 
TL052C 
Full range 
4.5 
2.5 
VIO 
Input offset voltage 
mV 
25°C 
0.51 
2.8 
0.4 
0.8 
VO=O, 
TL052AC 
Full range 
3.8 
1.8 
VIC=O, 
RS=50n 
TL052C 
25°C to 
8 
8 
Temperature coefficient 
70°C 


aVIO 
of input offset voltage:j: 
IlV/0C 


TL052AC 
25°C to 
8 
6 
25 
70°C 


Input offset voltage long- 
VO=O. 
VIC=O. 
25°C 
0.04 
0.04 
IlV/mo 
termdrift§ 
RS =50n 


VO=O. 
25°C 
4 
100 
5 
100 
pA 
110 
Input offset current 
See Figure 5 
VIC=O, 


70°C 
0.02 
1 
0.025 
1 
nA 


VO=O, 
25°C 
20 
200 
30 
200 
pA 
liB 
Input bias current 
See Figure 5 
VIC=O, 
70°C 
0.15 
4 
0.2 
4 
nA 


-1 
-2.3 
-11 
-12.3 
25°C 
to 
to 
to 
to 


Common-mode 
input 
4 
5.6 
11 
15.6 
VICR 
V 
voltage range 
-1 
-11 
Full range 
to 
to 
4 
11 


25°C 
3 
4.2 
13 
13.9 
RL= 
10kQ 


Full range 
3 
13 
VOM+ 
Maximum positive peak 
V 
output voltage swing 
25°C 
2.5 
3.8 
11.5 
12.7 
RL=2 
kQ 


Full range 
2.5 
11.5 


25°C 
-2.5 
-3.5 
-12 
-13.2 
RL= 
10 kQ 


Full range 
-2.5 
-12 
VOM- 
Maximum negative peak 
V 
output voltage swing 
25°C 
-2.3 
-3.2 
-11 
-12 
RL=2 
kQ 
Full range 
-2.3 
-11 


25°C 
25 
59 
50 
105 


AVO 
Large-signal differential 
RL=2 
kn 
O°C 
30 
65 
60 
129 
V/mV 
voltage amplificalion~ 
70°C 
20 
46 
30 
85 


rj 
Input resistance 
25°C 
1012 
1012 
n 


ci 
Input capacitance 
25°C 
10 
12 
pF 


25°C 
65 
85 
75 
93 


CMRR 
Common-mode 
VIC = V'CRmin, 
RS=50n 
O°C 
84 
75 
92 
dB 
rejection ratio 
VO=O, 
65 


70°C 
65 
84 
75 
91 
t Full range is O°C to 70°C. 
:j:This parameter is tested on a sample basis. For other test requirements, 
please contact the factory. This statement has no bearing on testing 
or nontesling 
of other parameters. 


§ Typical values are based on the input offset voltage shift observed 
through 
168 hours of operating 
life test at TA = 150°C eX1rapolated to 
TA = 25°C using the Arrhenius equation and assuming an activation energy of 0.96 eV. 


~ For VCC± = ±5 V. Vo = ±2.3 V; at VCC± = ±15 V. Vo = ±10 V. 


'!/} TEXAS 
INSTRUMENTS 


TL05x, TL05xA, TL05xY 
ENHANCED·JFET LOW·OFFSET 
OPERATIONAL AMPLIFIERS 


SLOS178 
- FEBRUARY 
1997 


TL052C, TL052AC 


PARAMETER 
TEST CONDITIONS 
TA 
VCC+=±5V 
VCC+=±15V 
UNIT 


MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


25°C 
75 
99 
75 
99 


kSVR 
Supply-voltage 
rejection 
VO=O, 
RS= 50n 
DoC 
75 
98 
75 
98 
dB 
ratio (tNee ±ltNIO) 
70°C 
75 
97 
75 
97 


25°C 
4.6 
5.6 
4.8 
5.6 


Ice 
Supply current 
VO=O, 
No load 
DoC 
4.7 
6.4 
4.8 
6.4 
mA 
(two ampliliers) 


70°C 
4.4 
6.4 
4.6 
6.4 


V01IV02 
Crosstalk attenuation 
AVD= 
100 
25°C 
120 
120 
dB 


TL052C, TL052AC 


PARAMETER 
TEST CONDITIONS 
TAt 
VCC±=±5V 
VCC± = ± 15 V 
UNIT 


MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


25°C 
17.8 
9 
20.7 


SR+ 
Slew rate at unity gain 
RL=2 
kQ, 
CL = 100 pF, 
Full range 
8 


See Figure 1 
25°C 
15.4 
9 
17.8 
V/IlS 


SR- 
Negative slew rate 
at unity gain:!: 
Full range 
8 


25°C 
55 
56 


tr 
Rise time 
DoC 
54 
55 


70°C 
63 
63 


VI(PP) = ±10 mV, 


ns 
25°C 
55 
57 


tl 
Fall time 
RL=2 
kQ, 
ooe 
54 
56 
CL = 100 pF, 
See Figures 1 and 2 
70°C 
62 
64 


25°C 
24% 
19% 


Overshoot lactor 
DoC 
24% 
19% 


70°C 
24% 
19% 


Equivalent input noise 
1= 
10 Hz 
25°C 
71 
71 
Vn 
voltage§ 
RS = 20 Q, 
1= 
1 kHz 
25°C 
nVI-JFfi. 


19 
19 
30 


Peak-to-peak 
equivalent 
See Figure 3 
1= 
10 Hzt 
VN(PP) 
input noise current 
10 kHz 
25°C 
4 
4 
IlV 


In 
Equivalent input 
1= 1 kHz 
25°C 
0.01 
0.01 
pAl-JFfi. 
noise current 


THD 
Total harmonic distortionll 
RS = 1 kQ, 
RL = 2 kQ, 
25°C 
0.003% 
0.003% 
1= 1 kHz 


25°C 
3 
3 


B1 
Unity-gain bandwidth 
VI=10mV, 
RL = 2 kQ, 
O°C 
3.2 
3.2 
MHz 
eL = 25 pF, 
See Figure 4 


70°C 
2.6 
2.7 


25°C 
60° 
63° 


<Pm 
Phase margin at unity 
VI=10mV, 
RL=2 
kQ, 
DoC 
59° 
63° 
gain 
CL = 25 pF, 
See Figure 4 
70°C 
60° 
63° 


t Full range is DoCto 70°C. 
:!:ForVce±=±5V, 
VI(PP)=±1 
V;!orVCe±=±15V, 
VI(PP)=±5V. 
§ This parameter 
is tested on a sample basis. For other test requirements, 
please contact the lactory. This statement has no bearing on testing 
or nontesting 01other parameters. 


11 ForVce± 
= ±5 V, VO(RMS) = 1 V; lorVee±=±15 
V, VO(RMS) = 6 V. 


~TEXAS 
INSTRUMENTS 


TL05x, TL05xA, TL05xY 
ENHANCED-JFET 
LOW-OFFSET 
OPERATIONAL AMPLIFIERS 
SLOS178- 
FEBRUARY 
1997 


TL0521, TL052AI 


PARAMETER 
TEST CONDITIONS 
TAt 
VCC+ = ±5 V 
VCC+=±15V 
UNIT 


MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


25°C 
0.73 
3.5 
0.65 
1.5 
TL0521 
Full range 
5.3 
3.3 
VIO 
Input offset voltage 
mV 
25°C 
0.51 
2.8 
0.4 
0.8 
VO=O. 
TL052AI 


VIC=O, 
Full range 
4.6 
2.6 


RS=50Q 
TL0521 
25°C to 
7 
6 
85°C 


CtVIO 
Temperature coefficient; 
25°C to 
/lV/oC 


TL052AI 
85°C 
6 
6 
25 


Input offset voltage long- 
VO=O, 
VIC=O, 
25°C 
0.04 
0.04 
/lV/mo 
termdrift§ 
RS=50Q 


VO=O. 
VIC=O, 
25°C 
4 
100 
5 
100 
pA 
110 
Input offset current 
See Figure 5 
85°C 
0.06 
10 
0.07 
10 
nA 


VO=O. 
VIC=O, 
25°C 
20 
200 
30 
200 
pA 
liB 
Input bias current 
See Figure 5 
85°C 
0.6 
20 
0.7 
20 
nA 


-1 
-2.3 
-11 
-12.3 
25°C 
to 
to 
to 
to 


Common-mode 
input 
4 
5.6 
11 
15.6 
VICR 
V 
voltage range 
-1 
-11 
Full range 
to 
to 


4 
11 


25°C 
3 
4.2 
13 
13.9 
RL= 
10kQ 
Full range 
3 
13 


VOM+ 


Maximum positive peak 
V 
output voltage swing 
25°C 
2.5 
3.8 
11.5 
12.7 


RL=2 
kQ 


Full range 
2.5 
11.5 


25°C 
-2.5 
-3.5 
-12 
-13.2 
RL= 
10kQ 


Full range 
-2.5 
-12 
VOM- 
Maximum negative peak 
V 
output voltage swing 
25°C 
-2.3 
-3.2 
-11 
-12 
RL=2 
kQ 


Full range 
-2.3 
-11 


25°C 
25 
59 
50 
105 


AVD 
Large-signal 
differential 
RL=2 
kQ 
-40°C 
30 
74 
60 
145 
V/mV 
voltage amplificationll 
85°C 
20 
43 
30 
76 


ri 
Input resistance 
25°C 
1012 
1012 
Q 


ci 
Input capacitance 
25°C 
10 
12 
pF 


25°C 
65 
85 
75 
93 


CMRR 
Common-mode 
VIC = VICRmin, 
RS = 50 Q 
-40°C 
65 
83 
75 
90 
dB 
rejection ratio 
VO=O. 


85°C 
65 
84 
75 
93 
t Full range is -40°C 
to 85°C. 


; This parameter 
is tested on a sample basis. For other test requirements, 
please contact the factory. This statement 
has no bearing on testing 
or nontesting of other parameters 
§Typical 
values are based on the input offset voltage shift observed 
through 
168 hours of operating 
life test at TA = 150°C ex1rapolated to 
TA = 25°C using the Arrhenius equation and assuming an activation energy of 0.96 eV. 


11 At VCC± = ± 5 V, Vo = ± 2.3 V; at VCC± = ±15 V, Vo = ±10 V. 


~TEXAS 
INSTRUMENTS 


Tl05x, Tl05xA,Tl05xY 
ENHANCED-JFET lOW·OFFSET 
OPERATIONAL AMPLIFIERS 
SLOS178 
- FEBRUARY 
1997 


TL0521, TL052AI 


PARAMETER 
TEST CONDITIONS 
TA 
VCC+=±5V 
VCC+=±15V 
UNIT 


MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


25°C 
75 
99 
75 
99 


kSVR 
Supply-voltage 
rejection 
VO=O. 
RS=50il 
-40°C 
75 
98 
75 
98 
dB 
ratio (tNCC±/6VIO) 
85°C 
75 
99 
75 
99 


25°C 
4.6 
5.6 
4.8 
5.6 


ICC 
Supply current 
VO=O, 
No load 
-40°C 
4.5 
6.4 
4.7 
6.4 
mA 
(two amplifiers) 
85°C 
4.4 
6.4 
4.6 
6.4 


V01IV02 
Crosstalk attenuation 
AVD = 100 
25°C 
120 
120 
dB 


TL0521, TL052AI 


PARAMETER 
TEST CONDITIONS 
TAt 
VCC+=±5V 
VCC±=±15V 
UNIT 


MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


25°C 
17.8 
9 
20.7 
SR+ 
Slew rate at unity gain:!: 


RL = 2 kil, 
CL = 100 pF, 
Full range 
8 
V/IlS 
Negative slew rate at 
See Figure 1 
25°C 
15.4 
9 
17.8 
SR- 
unity gain:!: 
Full range 
8 


25°C 
55 
56 


tr 
Rise time 
-40°C 
52 
53 


85°C 
64 
65 
ns 


VI(PP) = ± 10 mY, 
25°C 
55 
57 


tf 
Fall time 
RL = 2 kil, 
CL = 100 pF, 
-40°C 
51 
53 
See Figures 1 and 2 
85°C 
64 
65 


25°C 
24% 
19% 


Overshoot factor 
-40°C 
24% 
19% 


85°C 
24% 
19% 


Equivalent input noise 
f= 
10 Hz 
25°C 
71 
71 
Vn 
voltage§ 
RS = 20 fl, 
f= 
1 kHz 
25°C 
19 
19 
30 


Peak-to-peak 
equivalent 
See Figure 3 
10 Hzto 
VN(PP) 
input noise current 
f= 
10 kHz 
25°C 
4 
4 
IlV 


In 
Equivalent input noise 
f = 1 kHz 
25°C 
0.01 
0.01 
pAl-JHZ 
current 


THD 
Total harmonic distortion 11 
RS = 1 kQ, 
RL = 2 kfl, 
25°C 
0.003% 
0.003% 
f = 1 kHz 


25°C 
3 
3 


B1 
Unity-gain bandwidth 
VI = 10 mV, 
RL = 2 kQ, 
-40°C 
3.5 
3.6 
MHz 
CL = 25 pF, 
See Figure 4 
85°C 
2.5 
2.6 


25°C 
60° 
63° 


<Pm 
Phase margin at unity 
VI=10mV, 
RL = 2 kil, 
-40°C 
58° 
61° 
gain 
CL = 25 pF, 
See Figure 4 
85°C 
60° 
63° 


t Full range is -40°C 
to 85°C. 
:!:For VCC± =±5 
V, VI(PP) = ±1 V; for VCC± = ±15 V, VI(PP) = ±5 V. 


§ This parameter is tested on a sample basis. For other test requirements, 
please contact the factory. This statement has no bearing on testing 
or nontesting of other parameters. 


11 For VCC± = ±5 V, VO(RMS) = 1 V; for VCC± = ± 15 V, VO(RMS) = 6 V. 


~TEXAS 
INSTRUMENTS 


TL05x, TL05xA,TL05xY 
ENHANCED-JFET LOW-OFFSET 
OPERATIONAL AMPLIFIERS 
SLOS178 
- FEBRUARY 
1997 


Tl052M, 
Tl052AM 


PARAMETER 
TEST CONDITIONS 
TAt 
VCC+=±5V 
VCC+=±15V 
UNIT 


MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


25°C 
0.73 
3.5 
0.65 
1.5 
TL052M 
6.5 
4.5 
VIO 
Input offset voltage 
Full range 
mV 
25°C 
0.51 
2.8 
0.4 
0.8 
VO=O, 
TL052AM 
Full range 
5.8 
3.8 
VIC=O, 


25°C to 
RS =50Q 
TL052M 
125°C 
10 
9 
Temperature coefficient 
aVIO 
of input offset voltage 
25°C to 
',lV/oC 


TL052AM 
125°C 
9 
8 


Input offset voltage long- 
VO=O, 
VIC=O, 
25°C 
0.04 
0.04 
',lV/mo 
termdriftt 
RS =50 Q 


VO=O, 
VIC=O, 
25°C 
4 
100 
5 
100 
pA 
110 
Input offset current 
See Figure 5 
125°C 
1 
20 
2 
20 
nA 


VO=O, 
VIC=O, 
25°C 
20 
200 
30 
200 
pA 
liB 
Input bias current 
See Figure 5 
125°C 
10 
50 
20 
50 
nA 


-1 
-2.3 
-11 
-12.3 
25°C 
to 
to 
to 
to 
Common-mode 
input 
4 
5.6 
11 
15.6 
VICR 
voltage range 
V 
-1 
-11 
Full range 
to 
to 
4 
11 


25°C 
3 
4.2 
13 
13.9 


Maximum positive peak 
RL= 
10 kQ 
Full range 
3 
13 
VOM+ 
output voltage swing 
V 
25°C 
2.5 
3.8 
11.5 
12.7 
RL=2 
kQ 
Full range 
2.5 
11.5 


25°C 
-2.5 
-3.5 
-12 
-13.2 


Maximum negative peak 
RL = 10 kQ 
Full range 
-2.5 
-12 
VOM- 
output voltage swing 
V 
25°C 
-2.3 
-3.2 
-11 
-12 
RL=2 
kQ 
Full range 
-2.3 
-11 


25°C 
25 
59 
50 
105 


AVD 
Large-signal differential 
RL=2 
kQ 
-55°C 
30 
76 
60 
149 
V/mV 
voltage amplification§ 
125°C 
10 
32 
15 
49 


q 
Input resistance 
25°C 
1012 
1012 
Q 


ci 
Input capacitance 
25°C 
10 
12 
pF 


VIC = VICRmin, 
25°C 
65 
85 
75 
93 
Common-mode 
CMRR 
rejection ratio 
VO=O, 
-55°C 
65 
83 
75 
92 
dB 
RS=50Q 
125°C 
65 
84 
75 
94 


25°C 
75 
99 
75 
99 


kSVR 
Supply-voltage 
rejection 
VO=O, 
RS = 50 Q 
-55°C 
75 
98 
75 
98 
dB 
ratio (LlVCC±/LlVIO) 
125°C 
75 
100 
75 
100 


25°C 
4.6 
5.6 
4.8 
5.6 


ICC 
Supply current 
VO=O, 
No load 
-55°C 
4.4 
6.4 
4.5 
6.4 
mA 
(two amplifiers) 
125°C 
4.2 
6.4 
4.4 
6.4 


V011V02 
Crosstalk attenuation 
AVD = 100 
25°C 
120 
120 
dB 
t Full range is - 55°C to 125°C. 
t Typical values are based on the input offset voltage shift observed 
through 
168 hours of operating 
life test at TA = 150°C extrapolated 
to 
TA = 25°C using the Arrhenius 
equation and assuming an activation energy of 0.96 eV. 
§ForVcc±= 
±5 V, Vo =±2.3 
V; at VCC±= 
±15 V, Vo =±10 
V. 


~TEXAS 
INSTRUMENTS 


TL05x,TL05xA,TL05xY 
ENHANCED-JFET LOW-OFFSET 
OPERATIONAL AMPLIFIERS 
SLOS178- 
FEBRUARY 
1997 


TL052M, TL052AM 


PARAMETER 
TEST CONDITIONS 
TAt 
VCC+=±5V 
VCC+=±15V 
UNIT 


MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


Positive slew rate 
25°C 
17.8 
9 
20.7 
SR+ 
at unity gain:l: 
RL = 2 kn, 
Full range 
8 
CL = 100 pF, 
25°C 
15.4 
9 
17.8 
V/Jls 


SR- 
Negative slew rate 
See Figure 1 
at unity gain:l: 
Full range 
8 


25°C 
55 
56 


tr 
Rise time 
-55°C 
51 
52 


125°C 
68 
68 


VI(PP) = ± 10 mY, 


ns 
25°C 
55 
57 


tl 
Fall time 
RL = 2 kn, 
-55°C 
51 
52 
CL = 100 pF, 
See Figures 1 and 2 
125°C 
68 
69 


25°C 
24% 
19% 


Overshoot lactor 
-55°C 
25% 
19% 


125°C 
25% 
19% 


Equivalent input noise 
1= 
10 Hz 
25°C 
71 
71 
nV/v'RZ 
Vn 
voltage§ 
RS = 20Q, 
1= 
1 kHz 
25°C 
19 
19 


Peak-to-peak 
See Figure 3 
1= 
10 Hz 


VN(PP) 
equivalent input noise 
to 
25°C 
4 
4 
JlV 
current 
10 kHz 


In 
Equivalent input 
f= 
1 kHz 
25°C 
0.01 
0.01 
pAlv'RZ 
noise current 


THD 
Total harmonic 
RS = 1 kQ, 
RL = 2 kQ, 
25°C 
0.003% 
0.003% 
distortionll 
1= 1 kHz 


25°C 
3 
3 


81 
Unity-gain bandwidth 
VI=10mV. 
RL = 2 kQ, 
-55°C 
3.6 
3.7 
MHz 
CL = 25 pF. 
See Figure 4 
125°C 
2.3 
2.4 


25°C 
60° 
63° 


<l>m 
Phase margin at unity 
VI= 
10mV. 
RL = 2 kQ, 
-55°C 
57° 
61° 
gain 
CL = 25 pF. 
See Figure 4 
125°C 
60° 
63° 


t Full range is - 55°C to 125°C. 
:l:For VCC± =±5 
V. VI(PP) = ±1 V; lor VCC± = ±15 V. VI(PP) =±5 
V. 


§ This parameter is tested on a sample basis. For other test requirements. 
please contact the lactory. This statement has no bearing on testing 
or nontesting 01other parameters. 
lIForVcc±=±5 
V. VO(RMS) = 1 V; lorVcc±=±15 
V. VO(RMS) = 6 V. 


~TEXAS 
INSTRUMENTS 


TL05x, TL05xA, TL05xY 
ENHANCED-JFET 
LOW-OFFSET 
OPERATIONAL AMPLIFIERS 
SLOS178 
- FEBRUARY 
1997 


TL052Y 


PARAMETER 
TEST CONDITIONS 
VCC+=±5V 
VCC±=±15V 
UNIT 


MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


VIO 
Input offset voltage 
0.73 
0.65 
mV 


Input offset voltage long-term 
VO=O. 
VIC=O, 


drift 


RS =500 
0.04 
0.04 
lJ.V/mO 


110 
Input offset current 
VO=O. 
VIC=O, 
4 
5 
pA 
See Figure 5 


liB 
Input bias current 
VO=O. 
VIC=O. 
20 
30 
pA 
See Figure 5 


Common-mode 
input voltage 
-2.3 
-12.3 


VICR 
to 
to 
V 
range 
5.6 
15.6 


VOM+ 
Maximum positive peak 
RL= 
10 kQ 
4.2 
13.9 


output voltage swing 
RL = 2 kO 
3.8 
12.7 
V 


VOM- 
Maximum negative peak output 
RL= 
10kn 
-3.5 
-13.2 


voltage swing 
RL= 2 kn 
-3.2 
-12 


AVO 
Large-signal 
differential 
RL=2 
kn 
59 
105 
V/mV 
voltage amplification t 


q 
Input resistance 
1012 
1012 
0 


ci 
Input capacitance 
10 
12 
pF 


CMRR 
Common-mode 
rejection ratio 
VIC = V'CRmin, 
RS =500 
85 
93 
dB 
VO=O, 


kSVR 
Supply-voltage 
rejection ratio 
VO=O, 
RS=500 
99 
99 
dB 
(AVCC±ltNIO) 


ICC 
Supply current (two amplifiers) 
VO=O. 
No load 
4.6 
4.8 
mA 


V01IV02 
Crosstalk attenuation 
AVO = 100 
120 
120 
dB 


~TEXAS 
INSTRUMENTS 


TL05x,TL05xA, 
TL05xY 
ENHANCED-JFET LOW-OFFSET 
OPERATIONAL AMPLIFIERS 


SLOS178 
- FEBRUARY 
1997 


TL052Y 


PARAMETER 
TEST CONDITIONS 
VCC±=±5V 
VCC+=±15V 
UNIT 


MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


SR+ 
Positive slew rate at 
17.8 
20.7 
unity gaint 
RL=2 
kQ, 
CL = 100 pF, 
V//lS 


SR- 
Negative slew rate at 
See Figure 1 
15.4 
17.8 
unity gaint 


tr 
Rise time 
VJ(PP) =±10 
mV, 
55 
56 
ns 
tl 
Fall time 
RL=2 
kQ, 
CL = 100 pF, 
55 
57 


Overshoot lactor 
See Figures 1 and 2 
24% 
19% 


Equivalent input noise 
1= 10 Hz 
71 
71 
Vn 
voltage:j: 
RS = 20 Q, 
1= 1 kHz 
19 
19 
nV/'I/'RZ 


Peak-to-peak 
equivalent input 
See Figure 3 
VN(PP) 
noise current 
f=10Hzt010kHz 
4 
4 
/lV 


In 
Equivalent input noise 
1= 1 kHz 
0.01 
0.01 
pAl'I/'RZ 
current 


THO 
Total harmonic distortion§ 
RS = 1 kQ, 
RL = 2 kQ, 
0.003% 
0.003% 
1= 1 kHz 


B1 
Unity-gain bandwidth 
VI = 10 mV, 
RL = 2 kQ, 
3 
3 
MHz 
CL =25 pF, 
See Figure 4 


41m 
Phase margin at unity gain 
VI = 10 mV, 
RL=2 
kQ, 


60° 
63° 
CL = 25 pF, 
See Figure 4 


t This parameter is tested on a sample basis. For other test requirements, 
please contact the lactory. This statement 
has no bearing on testing 
or nontesting 01other parameters. 


:j:For VCC± = ±5 V, VI(PP) = ±1 V; 10rVcc± 
= ±15 V. VI(PP) = ±5 V. 


§ForVCC±=±5 
V. VO(RMS) = 1 V; lorVcc±=±15 
V, VO(RMS) = 6 V. 


~TEXAS 
INSTRUMENTS 


TL05x,TL05xA,TL05xY 
ENHANCED·JFET LOW·OFFSET 
OPERATIONAL AMPLIFIERS 
SLOS178- 
FEBRUARY 
1997 


TL054C, TL054AC 


PARAMETER 
TEST CONDITIONS 
TAt 
VCC±=±5V 
VCC±=±15V 
UNIT 


MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


25°C 
0.64 
5.5 
0.56 
4 
TL054C 
Full range 
7.7 
6.2 
VIO 
Input offset voltage 
mV 
25°C 
0.57 
3.5 
0.5 
1.5 
TL054AC 
Full range 
5.7 
3.7 
VO=O, 
25°C to 
VIC=O, 
TL054C 
25 
23 
Temperature coefficient 
RS=50 
Q 
70°C 


aVIO 
of input offset voltage 
25°C to 
!lV/oC 


TL054AC 
70°C 
24 
23 


Input offset voltage 
25°C 
0.04 
0.04 
!lV/mo 
long-term drift:!: 


VO=O, 
VIC=O, 
25°C 
4 
100 
5 
100 
pA 
110 
Input offset current 
See Figure 5 
70°C 
0.02 
1 
0.025 
1 
nA 


VO=O, 
VIC=O, 
25°C 
20 
200 
30 
200 
pA 
liB 
Input bias current 
See Figure 5 
70°C 
0.15 
4 
0.2 
4 
nA 


-1 
-2.3 
-11 
-12.3 
25°C 
to 
to 
to 
to 


Common-mode 
input 
4 
5.6 
11 
15.6 
VICR 
voltage range 
V 
-1 
-11 


Full range 
to 
to 
4 
11 


25°C 
3 
4.2 
13 
13.9 


Maximum positive peak 
RL= 
10kQ 
Full range 
3 
13 
VOM+ 
V 
output voltage swing 
25°C 
2.5 
3.8 
11.5 
12.7 
RL=2 
kQ 
Full range 
2.5 
11.5 


25°C 
-2.5 
-3.5 
-12 
-13.2 


Maximum negative peak 
RL=10kQ 
Full range 
-2.5 
-12 
VOM- 
output voltage swing 
25°C 
V 
-2.3 
-3.2 
-11 
-12 
RL = 2 kQ 
Full range 
-2.3 
-11 


25°C 
25 
72 
50 
133 


AVO 
Large-signal differential 
RL = 2 kQ 
O°C 
30 
88 
60 
173 
V/mV 
voltage amplification§ 


70°C 
20 
57 
30 
85 


r; 
Input resistance 
25°C 
1012 
1012 
Q 


ci 
Input capacitance 
25°C 
10 
12 
pF 


25°C 
65 
84 
75 
92 


CMRR 
Common-mode 
VIC = VICRmin, 
O°C 
65 
84 
75 
92 
dB 
rejection ratio 
VO=O, 
RS=50 
Q 
70°C 
65 
84 
75 
93 


25°C 
75 
99 
75 
99 


kSVR 
Supply-voltage 
rejection 
VCC±=±5Vto±15V, 
O°C 
75 
99 
75 
99 
dB 
ratio (tNCC±/t>. VIO) 
VO=O, 
RS = 50Q 
70°C 
75 
99 
75 
99 


25°C 
8.1 
11.2 
8.4 
11.2 


ICC 
Supply current 
VO=O, 
No load 
O°C 
8.2 
12.8 
8.5 
12.8 
mA 
(four amplifiers) 
70°C 
7.9 
11.2 
8.2 
11.2 


V011V02 
Crosstalk attenuation 
AVO = 100 
25°C 
120 
120 
dB 
t Full range is O°C to 70°C. 
:!:Typical values are based on the input offset voltage shift observed 
through 
168 hours of operating 
life test at TA = 150°C extrapolated 
to 
TA = 25°C using the Arrhenius equation and assuming an activation energy of 0.96 eV. 
§ For VCC± = ±5 V, Vo = ±2.3 V, at VCC± = ±15 V, Vo = ±10 V.B 


~TEXAS 
INSTRUMENTS 


TL05x, TL05xA, TL05xY 
ENHANCED-JFET 
LOW-OFFSET 
OPERATIONAL AMPLIFIERS 


SLOS178-FEBRUARY 
1997 


TL054C, TL054C 


PARAMETER 
TEST CONDITIONS 
TAt 
VCC+=±5 
V 
VCC±=±15V 
UNIT 


MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


Positive slew rate 
25°C 
15.4 
10 
17.8 
SR+ 
at unity gain 
O°C 
15.7 
8 
17.9 


RL = 2 kn, 
CL = 100 pF, 
70°C 
14.4 
8 
17.5 


See Figure 1 and Note 7 
25°C 
13.9 
10 
15.9 
V/Jls 
Negative slew rate at 
SR- 
unity gain:l: 
O°C 
14.3 
8 
16.1 


70°C 
13.3 
8 
15.5 


25°C 
55 
56 


tr 
Rise time 
O°C 
54 
55 


70°C 
63 
63 
VI(PP) = ±10 mV, 
25°C 
57 
ns 
55 


tl 
Fall time 
RL = 2 kQ, 
O°C 
54 
56 
CL = 100 pF, 
See Figures 1 and 2 
70°C 
62 
64 


25°C 
24% 
19% 


Overshoot lactor 
O°C 
24% 
19% 


70°C 
24% 
19% 


Equivalent input noise 
1= 10 Hz 
25°C 
75 
75 
nV/VHZ 
Vn 
voltage§ 
RS=20Q, 
1= 1 kHz 
25°C 
21 
21 
45 


VN(PP) 


Peak-to-peak 
equivalent 
See Figure 3 
1= 10 Hzto 
25°C 
input noise voltage 
10 kHz 
4 
4 
JlV 


In 
Equivalent input 
1=1 
kHz 
25°C 
0.01 
0.01 
pAlVHZ 
noise current 


THD 
Total harmonic 
RS = 1 kQ, 
RL = 2 kQ, 
25°C 
0.003% 
0.003% 
distortion~ 
1= 1 kHz 


25°C 
2.7 
2.7 


81 
Unity-gain bandwidth 
VI=10mV, 
RL = 2 kQ, 
O°C 
3 
3 
MHz 
CL = 25 pF, 
See Figure 4 
70°C 
2.4 
2.4 


25°C 
61° 
64° 


<l>m 


Phase margin at 
VI=10mV, 
RL = 2 kQ, 
O°C 
60° 
64° 
unity gain 
CL = 25 pF, 
See Figure 4 


70°C 
61° 
63° 


t Full range is O°C to 70°C. 


:I: For VCC± = ±5 V, VI(PP) = ±1 V; 10rVcc± 
= ±15 V, VI(PP) = ±5 V. 


§ This parameter is tested on a sample basis. For other test requirements, 
please contact the lactory. This statement has no bearing on testing 
or nontesting of other parameters. 


~ For VCC± = ±5 V, Vo(rms) = 1 V; lor VCC± = ±15 V, Vo(rms) = 6 V. 


~TEXAS 
INSTRUMENTS 


TL05x,TL05xA, 
TL05xY 
ENHANCED-JFET LOW·OFFSET 
OPERATIONAL AMPLIFIERS 
SLOS178- 
FEBRUARY 
1997 


TL0541, TL054AI 


PARAMETER 
TEST CONDITIONS 
TAt 
VCC±=±5V 
VCC+=±15V 
UNIT 


MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


25°C 
0.64 
5.5 
0.56 
4 
TL0541 
Full range 
8.8 
7.3 
VIO 
Input offset voltage 
mV 
25°C 
0.57 
3.5 
0.5 
1.5 
TL054AI 
Full range 
6.8 
4.8 
VO=O, 


25°C to 
VIC=O, 
TL0541 
25 
24 
Temperature coefficient of 
RS = 50 0 
85°C 
lXVIO 
input offset voltage 
25°C to 
!lV/oC 


TL054AI 
85°C 
25 
23 


Input offset voltage 
25°C 
0.04 
0.04 
!lV/mo 
long-term driftl 


VO=O, 
VIC=O, 
25°C 
4 
100 
5 
100 
pA 
110 
Input offset current 
See Figure 5 
85°C 
0.06 
10 
0.07 
10 
nA 


VO=O, 
VIC=O, 
25°C 
20 
200 
30 
200 
pA 
liB 
Input bias current 
See Figure 5 
85°C 
0.6 
20 
0.7 
20 
nA 


-1 
-2.3 
-11 
-12.3 
25°C 
to 
to 
to 
to 


Common-mode 
input 
4 
5.6 
11 
15.6 
VICR 
voltage range 
V 
-1 
-11 
Full range 
to 
to 
4 
11 


25°C 
3 
4.2 
13 
13.9 


Maximum positive peak 
RL=10kO 
Full range 
3 
13 
VOM+ 
output voltage swing 
25°C 
V 
2.5 
3.8 
11.5 
12.7 
RL=2 
kO 
Full range 
2.5 
11.5 


25°C 
-2.5 
-3.5 
-12 
-13.2 


Maximum negative peak 
RL=10kO 
Full range 
-2.5 
-12 
VOM- 
output voltage swing 
25°C 
-2.3 
-3.2 
V 
-11 
-12 
RL=2 
kO 
Full range 
-2.3 
-11 


25°C 
25 
72 
50 
133 


AVD 
Large-signal differential 
RL=2 
kO 
-40°C 
30 
101 
60 
212 
V/mV 
voltage amplification§ 
85°C 
20 
50 
30 
70 


ri 
Input resistance 
25°C 
1012 
1012 
0 


Cj 
Input capacitance 
25°C 
10 
12 
pF 


25°C 
65 
84 
75 
92 


CMRR 
Common-mode 
VIC = VICRmin, 
-40°C 
65 
83 
75 
92 
dB 
rejection ratio 
VO=O, 
RS = 50 0 
85°C 
65 
84 
75 
93 


25°C 
75 
99 
75 
99 


kSVR 
Supply-voltage 
rejection 
VCC±=±5Vto±15V, 
-40°C 
75 
98 
75 
99 
dB 
ratio (.1VCC±/.1VIO) 
VO=O, 
RS=500 
85°C 
75 
99 
75 
99 


25°C 
8.1 
11.2 
8.4 
11.2 


ICC 
Supply current 
VO=O, 
No load 
-40°C 
7.9 
12.8 
8.2 
12.8 
mA 
(four amplifiers) 
85°C 
7.6 
11.2 
7.9 
11.2 


V01/V02 
Crosstalk attenuation 
AVD = 100 
25°C 
120 
120 
dB 
t Full range is -40°C 
to 85°C. 


l Typical values are based on the input offset voltage shift observed through 
168 hours of operating 
life test at TA = 150°C ex1rapolated to 
TA = 25°C using the Arrhenius equation and assuming an activation energy of 0.96 eV. 
§ For VCC± = ±5 V, Vo = ±2.3 V, at VCC± = ±15 V, Vo = ±10 V. 


'!/} TEXAS 
INSTRUMENTS 


TL05x,TL05xA, 
TL05xY 
ENHANCED·JFET LOW-OFFSET 
OPERATIONAL AMPLIFIERS 
SLOS178 
- FEBRUARY 
1997 


TL0541, TL054AI 


PARAMETER 
TEST CONDITIONS 
TAt 
VCC+=±5V 
VCC±=±15V 
UNIT 


MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


Positive slew rate 
25°C 
15.4 
10 
17.8 
SR+ 
at unity gain 
-40°C 
16.4 
8 
18 


RL=2 
kQ, 
CL = 100 pF, 
85°C 
14 
8 
17.3 


See Figure 1 
25°C 
13.9 
10 
15.9 
V/IJ-s 
Negative slew rate at 
SR- 
unity gain+ 
-40°C 
14.7 
8 
16.1 


85°C 
13 
8 
15.3 


25°C 
55 
56 


tr 
Rise time 
-40°C 
52 
53 


85°C 
64 
65 


25°C 
55 
ns 
Vl(PP) = ±10 mY, RL = 2 kQ, 
57 


tl 
Fall time 
CL = 100 pF, 
-40°C 
51 
53 
See Figures 1 and 2 
85°C 
64 
65 


25°C 
24% 
19% 


Overshoot lactor 
-40°C 
24% 
19% 


85°C 
24% 
19% 


Equivalent input noise 
1= 10 Hz 
25°C 
75 
75 
nV/..JHZ 
Vn 
voltage§ 
RS=20Q, 
1=1 
kHz 
25°C 
21 
21 
45 


Peak-to-peak 
equivalent 
See Figure 3 
1= 10Hzto 
VN(PP) 
input noise voltage 
10 kHz 
25°C 
4 
4 
IJ-V 


In 
Equivalent input 
1= 1 kHz 
25°C 
0.01 
0.01 
pA/..JHZ 
noise cu rrent 


THO 
Total harmonic distortionll 
RS = 1 kQ, 
RL = 2 kQ, 
25°C 
0.003% 
0.003% 
1=1 
kHz 


25°C 
2.7 
2.7 


81 
Unity-gain bandwidth 
VI=10mV, 
RL = 2 kQ, 
-40°C 
3.3 
3.3 
MHz 
CL = 25 pF, 
See Figure 4 
85°C 
2.3 
2.4 


25°C 
61° 
64° 


~m 
Phase margin at 
VI=10mV, 
RL=2 
kQ, 
-40°C 
59° 
62° 
unity gain 
CL = 25 pF, 
See Figure 4 
85°C 
61° 
64° 


t Full range is -40°C 
to 85°C. 


+For VCC± = ±5 V, Vl(PP) = ±1 V; lor VCC± = ±15 V, VI(PP) = ±5 V. 
§ This parameter is tested on a sample basis. For other test requirements, 
please contact the lactory. This statement has no bearing on testing 
or nontesting 01other parameters. 
11For VCC± = ±5 V, Vo(rms) = 1 V; lor VCC± = ±15 V, Vo(rms) = 6 V. 


~TEXAS 
INSTRUMENTS 


TL05x, TL05xA, TL05xY 
ENHANCED-JFET 
LOW-OFFSET 
OPERATIONAL AMPLIFIERS 
SLOS178 
- FEBRUARY 
1997 


TL054M, TL054AM 


PARAMETER 
TEST CONDITIONS 
TAt 
VCC±=±5V 
VCC±=±15V 
UNIT 


MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


25°C 
0.64 
5.5 
0.56 
4 
TL054M 
Full range 
10.5 
9 
Via 
Input offset voltage 
25°C 
mV 
0.57 
3.5 
0.5 
1.5 
TL054AM 
Full range 
8.5 
6.5 
VO=O. 
25°C to 
VIC=O. 
TL054M 
21 
20 
Temperature coefficient of 
RS=50Q 
85°C 


aVIO 
input offset voltage 
25°C to 
flV/oC 


TL054AM 
85°C 
21 
20 


Input offset voltage 
25°C 
0.04 
0.04 
flV/mo 
long-term drift; 


VO=O, 
VIC=O. 
25°C 
4 
100 
5 
100 
pA 
110 
Input offset current 
See Figure 5 
125°C 
1 
20 
2 
20 
nA 


VO=O, 
VIC=O. 
25°C 
20 
200 
30 
200 
pA 
liB 
Input bias current 
See FigureS 
125°C 
10 
50 
20 
50 
nA 


-1 
-2.3 
-11 
-12.3 
25°C 
to 
to 
to 
to 


Common-mode 
input 
4 
5.6 
11 
15.6 
VICR 
V 
voltage range 
-1 
-11 
Full range 
to 
to 
4 
11 


25°C 
3 
4.2 
13 
13.9 


Maximum positive peak 
RL= 
10 kQ 
Full range 
3 
13 
VOM+ 
output voltage swing 
25°C 
V 
2.5 
3.8 
11.5 
12.7 


RL=2 
kQ 
Full range 
2.5 
11.5 


25°C 
-2.5 
-3.5 
-12 
-13.2 


Maximum negative peak 
RL=10kQ 
Full range 
-2.5 
-12 
VOM- 
output voltage swing 
25°C 
-2.3 
-3.2 
-11 
-12 
V 


RL=2kQ 
Full range 
-2.3 
-11 


25°C 
25 
72 
50 
133 


AVD 
Large-signal differential 
RL=2 
kQ 
-55°C 
30 
99 
60 
209 
V/mV 
voltage amplification§ 
125°C 
10 
35 
15 
35 


q 
Input resistance 
25°C 
1012 
1012 
Q 


ci 
Input capacitance 
25°C 
10 
12 
pF 


VIC = VICRmin. 
25°C 
65 
84 
75 
92 


CMRR 
Common-mode 
VO=O. 
-55°C 
65 
83 
75 
92 
dB 
rejection ratio 
RS=50Q 
125°C 
65 
84 
75 
93 


VCC± = ±5 V to ±15 V, 
25°C 
75 
99 
75 
99 


kSVR 
Supply-voltage 
rejection 
VO=O, 
-40°C 
75 
98 
75 
98 
dB 
ratio (tNCC±/aVIO) 
RS=50Q 
85°C 
75 
100 
75 
100 


25°C 
8.1 
11.2 
8.4 
11.2 


ICC 
Supply current 
VO=O, 
No load 
-55°C 
7.8 
12.8 
8.1 
12.8 
mA 
(four amplifiers) 
125°C 
7.1 
11.2 
7.5 
11.2 


V011V02 
Crosstalk attenuation 
AVD= 
100 
25°C 
120 
120 
dB 
t Full range is -55°C 
to 125°C. 


;Typical 
values are based on the input offset voltage shift observed through 
168 hours of operating 
life test at TA = 150°C extrapolated 
to 
TA = 25°C using the Arrhenius equation and assuming an activation energy of 0.96 eV. 
§ ForVCC± 
= ±5 V. Va = ±2.3 V. at VCC± = ±15 V. Va = ±10 V. 
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TL054M. TL054AM 


PARAMETER 
TEST CONDITIONS 
TAt 
VCC+=±5V 
VCC+=±15V 
UNIT 


MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


Positive slew rate 
25°C 
15.4 
10 
17.8 
SR+ 
at unity gain 
-55°C 
16.7 
18.3 


RL=2kQ, 
CL = 100 pF, 
125°C 
12.9 
16.7 
Negative slew rate at 
See Figure 1 
25°C 
13.9 
10 
15.9 
VIliS 


SR- 
unity gain:!: 
-55°C 
14.7 
16.3 


- 
125°C 
12.2 
14.5 


25°C 
55 
56 


tr 
Rise time 
-55°C 
51 
52 


125°C 
68 
68 
VJ(PP) = ±10 mY, 
25°C 
ns 
55 
57 


tl 
Fall time 
RL = 2 kQ, 
-55°C 
51 
52 
CL = 100 pF, 


125°C 
68 
69 
See Figures 1 and 2 
25°C 
24% 
19% 


Overshoot factor 
-55°C 
25% 
19% 


125°C 
25% 
19% 


Equivalent input noise 
1= 10 Hz 
25°C 
75 
75 
nV/'iHZ 
Vn 
voltage§ 
RS =20 n, 
1=1 
kHz 
25°C 
21 
21 
45 


Peak-to-peak 
equivalent 
See Figure 3 
1= 10 Hz to 
VN(PP) 
input noise voltage 
10 kHz 
25°C 
4 
4 
IiV 


In 
Equivalent input 
1= 1 kHz 
25°C 
0.01 
0.01 
pA/'iHZ 
noise current 


THD 
Total harmonic distortion 11 
RS=lkQ, 
RL=2 
kn, 
25°C 
0.003% 
0.003% 
1= 1 kHz 


25°C 
2.7 
2.7 


61 
Unity-gain bandwidth 
VI=10mV, 
RL = 2 kQ, 
-55°C 
3.4 
3.4 
MHz 
CL = 25 pF, 
See Figure 4 
125°C 
2.1 
2.1 


25°C 
61° 
64° 


$m 
Phase margin at 
VI=10mV, 
RL = 2 kQ, 


-55°C 
58° 
62° 
unity gain 
CL = 25 pF, 
See Figure 4 
125°C 
60° 
64° 


t Full range is -55°C 
to 125°C. 


:!:For VCC± = ±5 V, VI(PP) = ±1 V; lor VCC± = ±15 V, VI(PP) = ±5 V. 
§ This parameter 
is tested on a sample basis. For other test requirements, 
please contact the lactory. This statement has no bearing on testing 
or nontesting 01other parameters. 
11For VCC± = ±5 V, Vorms = 1 V; lor VCC± = ±15 V, Vorms = 6 V. 
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TL054Y 


PARAMETER 
TEST CONDITIONS 
VCC±=±5V 
VCC+=±15V 
UNIT 


MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


VIO 
Input offset voltage 
VO=O. 
VIC=O, 
0.64 
0.56 
mV 
RS = 50n 


110 
Input offset current 
VO=O, 
VIC=O. 
4 
5 
pA 
See Figure 5 


liB 
Input bias current 
VO=O. 
VIC=O. 
20 
30 
pA 
See Figure 5 


-2.3 
-12.3 


VICR 
Common-mode 
input voltage range 
to 
to 
V 
5.6 
15.6 


Maximum positive peak 
RL= 
10 kQ 
4.2 
13.9 
VOM+ 
output voltage swing 
RL=2 
kQ 
3.8 
V 
12.7 


Maximum negative peak 
RL= 
10 kn 
-3.5 
-13.2 
VOM- 
output voltage swing 
RL=2 
kQ 
-3.2 
-12 
V 


AVD 
Large-signal 
differential 
RL = 2 kQ, 
72 
133 
V/mV 
voltage amplification t 


q 
Input resistance 
1012 
1012 
n 


Cj 
Input capacitance 
10 
12 
pF 


CMRR 
Common-mode 
VIC = VICRmin, 
dB 
rejection ratio 
VO=O, 
RS =50n 
84 
92 


kSVR 
Supply-voltage 
rejection 
VCC± = ±5 V to ±15 V, 
99 
99 
dB 
ratio (t.vCC+ 
Iii VIO) 
Vo=O, 
RS =50n 


ICC 
Supply cu rrent 
VO=O. 
No load 
8.1 
8.4 
mA 
(four amplifiers) 


V011V02 
Crosstalk attenuation 
AVD= 
100 
120 
120 
dB 
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TL054Y 


PARAMETER 
TEST CONDITIONS 
VCC+=±5V 
VCC±=±15V 
UNIT 


MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


SR+ 
Positive slew rate at unity 
15.4 
17.8 
gaint 
RL = 2 kn, 
CL = 100 pF, 
V/flS 


SR- 
Negative slew rate at unity 
See Figure 1 
13.9 
15.9 
gain 


tr 
Rise time 
VI(PP} = ±10 mV, 
55 
56 
RL = 2 kQ, 
ns 
tl 
Fall time 
55 
57 
CL = 100 pF, 


Overshoot lactor 
See Figures 1 and 2 
24% 
19% 


Equivalent input noise 
1= 10 Hz 
75 
75 
nV/-ffiZ 
Vn 
voltage; 
RS = 20 n, 
1= 1 kHz 
21 
21 


VN(PP) 
Peak-to-peak 
equivalent 
See Figure 3 
1= 10 Hz to 10kHz 
4 
flV 
input noise voltage 
4 


In 
Equivalent input 
1=1 
kHz 
0.01 
0.01 
pA/-ffiZ 
noise current 


THD 
Total harmonic distortion§ 
RS = 1 kQ, 
RL = 2 kQ, 
0.003% 
0.003% 
1= 1 kHz 


81 
Unity-gain bandwidth 
VI=10mV, 
RL = 2 kn, 
2.7 
2.7 
MHz 
CL = 25 pF, 
See Figure 4 


<l>m 
Phase margin at 
VI=10mV, 
RL = 2 kn, 
61° 
64° 
unity gain 
CL = 25 pF, 
See Figure 4 


t For VCC± = ±5 V, VI(PP} = ±1 V; lor VCC± = ±15 V, VI(PP} = ±5 V. 
; This parameter is tested on a sample basis. For other test requirements, 
please contact the lactory. This statement 
has no bearing on testing 
or nontesting 01other parameters. 
§ For VCC± = ±5 V, Vo(rms} = 1 V; lor VCC± = ±15 V, Vo(rms) = 6 V. 
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NOTE A: CL includes fixture capacitance. 


Figure 1 . Slew Rate, Rise/Fall Time, 


and Overshoot Test Circuit 
Figure 2 . Rise Time and Overshoot 
Waveform 


vee- 
RS 


NOTE A: CL includes fixture capacitance. 


Figure 4 . Unity-Gain Bandwidth and 
Phase-Margin Test Circuit 


Typical values as presented in this data sheet 
represent the median 
(50% point) of device 
parametric performance. 


At the picoamp-bias-current level typical of the 
TL05x and TL05xA, accurate measurement of the 
bias current becomes difficult. Not only does this 
measurement require a picoammeter, but test 
socket leakages can easily exceed the actualdevice bias currents. To accurately measure these small currents, 
Texas Instruments uses a two-step process. The socket leakage is measured using picoammeters with bias 
voltages applied but with no device in the socket. The device is then inserted in the socket, and a second test 
that measures both the socket leakage and the device input bias current is performed. The two measurements 
are then subtracted algebraically to determine the bias current of the device. 


noise 


Because of the increasing emphasis on low noise levels in many of today's applications, the input noise voltage 
density is sample tested at f = 1 kHz. Texas Instruments also has additional noise testing capability to meet 
specific application requirements. Please contact the factory for details. 
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FIGURE 


VIO 
Input offset voltage 
Distribution 
6-11 


aVIO 
Temperature coefficient of input offset voltage 
Distribution 
12,13,14 


liB 
Input bias current 
vs Common-mode 
input voltage 
15 
vs Free-air temperature 
16 


110 
Input offset current 
vs Free-air temperature 
16 


VIC 
Common-mode 
input voltage range limits 
vs Supply voltage 
17 
vs Free-air temperature 
18 


Vo 
Output voltage 
vs Differential input voltage 
19,20 


vs Supply voltage 
21 


VOM 
Maximum peak output voltage 
vs Output current 
25,26 
vs Free-air temperature 
27,28 


VO(PPl 
Maximum peak-to-peak 
output voltage 
vs Frequency 
22,23,24 


vs Load resistance 
29 


AVD 
Large-signal differential voltage amplification 
vs Frequency 
30 
vs Free-air temperature 
31,32,33 


CMRR 
Common-mode 
rejection ratio 
vs Frequency 
34,35 
vs Free-air temperature 
36 


20 
Output impedance 
vs Frequency 
37 


kSVR 
Supply-voltage 
rejection ratio 
vs Free-air temperature 
38 


vs Supply voltage 
39 


10S 
Short-circuit output current 
vs Time 
40 
vs Free-air temperature 
41 


ICC 
Supply current 
vs Supply voltage 
42,43,44 
vs Free-air temperature 
45,46,47 


SR 
Slew rate 
vs Load resistance 
48 - 53 
vs Free-air temperature 
54-59 


Overshoot factor 
vs Load capacitance 
60 


Vn 
Equivalent input noise voltage 
vs Frequency 
61,62 


THD 
Total harmonic distortion 
vs Frequency 
63 


B1 
Unity-gain bandwidth 
vs Supply voltage 
64,65,66 
vs Free-air temperature 
67,68,69 


vs Supply voltage 
70,71,72 


"'m 
Phase margin 
vs Load capacitance 
73, 74, 75 
vs Free-air temperature 
76, 77, 78 


Phase shift 
vs Frequency 
30 


Voltage-follower 
small-signal 
pulse response 
vs Time 
79 


Voltage-follower 
large-signal pulse response 
vs Time 
80 
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DISTRIBUTION OF TL051 
INPUT OFFSET VOLTAGE 


433 Units Tested From 1 Wafer Lot 
VCC±=±15V 
TA = 25°C 


12 
- 
P Package 


DISTRIBUTION OF TL051 A 
INPUT OFFSET VOLTAGE 


20 
393 Units Tested From 1 Wafer Lot 
VCC±=±15 
V 


16 
TA = 25°C 
P Package 


"#. 
I 
.~ 
c:: 
12 
;:) 
'0 
•• 
Cl 
~ 
8 
••~ 
•• 
a.. 


4 


0 
-900 
-600 
-300 
0 
300 
600 
900 


VIO - Input Offset Voltage - ~v 
Figure 7 


DISTRIBUTION OF TL052A 
INPUT OFFSET VOLTAGE 


20 
403 Amplifiers 
Tested From 1 Wafer Lot 
VCC± =±15V 
TA = 25°C 


"#. 
15 
P Package 
I 
f! 
••:Eii. 
E< 
10 
'0 
•• 
Cl 
~ 
••~ 
•• 
5 
a.. 


VIO - Input Offset Voltage - ~V 
Figure 9 


o 
-1.5 -1.1 
-0.9-0.6 
-0.3 
0 
0.3 
0.6 
0.9 
1.1 
1.5 


VIO - Input Offset Voltage - mV 
Figure 6 


DISTRIBUTION OF TL052 
INPUT OFFSET VOLTAGE 


476 Amplifiers 
Tested From 1 Wafer Lot 
VCC±=±15V 
TA = 25°C 


P Package 


o 
-1.5 -1.2 -0.9 
-0.6 -0.3 
0 
0.3 
0.6 
0.9 
1.2 
1.5 


VIO - Input Offset Voltage - mV 
Figure 8 
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DISTRIBUTION OF TL054 
INPUT OFFSET VOLTAGE 


1140 Amplifiers 
Tested From 3 Wafer Lots 
VCC±=±15V 
TA= 25°C 


N Package 


DISTRIBUTION OF TL054A 
INPUT OFFSET VOLTAGE 


1048 Amplifiers 
Tested From 3 Wafer Lots 
VCC±=±15 
V 
TA = 25°C 
N Package 


VIO - Input Offset Voltage - mV 
Figure 10 


DISTRIBUTION OF TL051 
INPUT OFFSET VOLTAGE 
TEMPERATURE 
COEFFICIENT 


120 Units Tested From 2 Wafer Lots 
VCC±=±15V 
TA = 25°C to 125°C 


P Package 


VIO - Input Offset Voltage - mV 
Figure 11 


DISTRIBUTION OF TL052 
INPUT OFFSET VOLTAGE 
TEMPERATURE 
COEFFICIENT 


172 Amplifiers 
Tested From 2 Wafer Lots 
VCC±=±15V 
TA = 25°C to 125°C 


P Package 
Outlier: One Unit at -34.6IlVloC 


o 
-25 
-20 
-15 
-10 
-5 
0 
5 
10 
15 
20 
25 


aVIO - Temperature Coefficient -11V/OC 
Figure 12 


o 
-30 
-20 
-10 
0 
10 
20 
30 


aVIO - Temperature 
Coefficient 
-IlVPC 
Figure 13 
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DISTRIBUTION OF TL054 
INPUT OFFSET VOLTAGE 
TEMPERATURE 
COEFFICIENT 


50 
10 
324 Amplifiers 
Tested From 3 Wafer Lots 
VCC±=±15 
V 
TA = 25°C to 125°C 
~ 
40 
N Package 
c( 
I 
I: 
5 
en 
I 
~ 
C 


30 
~ 
"is. 
::J 
E 
0 
c( 
en 
0 
a 
•• 
•• 
jji 
'" 
20 
:i 
•• 
Q. 
C 
.5 
••!! 
I 
•• 
!!! 
-5 
Q. 


10 


c( 
100 
I: 
I 
en 
C 
~ 
10 
::J0 
0; 
en:: 
0 
't:II: 
•• 
en•• 
jji 
:i 
0.1 
Q. 
.5 


I 
Q 
0.01 
't:II:••!!! 


16 


> 
12 
I 
••'" 
8 
~~:i 
4 
Q. 
.5 
•• 
0 
't:I0 
::;; 
C: 
-4 
0 
E 
E0 
-8 
0 
I0 
;> -12 


INPUT BIAS CURRENT 
vs 
COMMON-MODE 
INPUT VOLTAGE 


I 


VCC±=±15V 
TA = 25°C 


/ 
../ 


-10 
-5 
0 
5 
10 


VIC - Common-Mode 
Input Voltage - V 
Figure 15 


aVIO - Temperature Coefficient -IlV/OC 
Figure 14 


INPUT BIAS CURRENT AND 
INPUT OFFSET CURRENTt 
vs 
FREE-AIR TEMPERATURE 


~VCC+-±15V 
I- Vo = 0 
f- VIC = 0 
I 
I 
/ 


I 
IIIYI 
./l 


./f 


1110/ 
I 
I 


---- 


45 
65 
85 
105 


TA - Free-Air Temperature - ° C 
Figure 16 


COMMON-MODE 
INPUT VOLTAGE RANGE LIMITS 
vs 
SUPPLY VOLTAGE 


I 
V ". 
TA = 25°C 


./ V 


".V 
Positive Limit 


.•...•• 
Negative Limit 
.....••.• 


.•...••.....•. 


......•.•.•I'-.. 


~ 


2 
4 
6 
8 
10 
12 
14 
16 


IVCC ± I - Supply Voltage - V 
Figure 17 
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> 
I 
•• 
Cl~g 


'5 
5 
Q. 
.E 
-8 
It 
o:<g 
-5 
E 
E8 -10 
Io 
:> -15 


COMMON-MODE 
INPUT 
VOLTAGE 
RANGE 
L1MITSt 
vs 
FREE-AIR 
TEMPERATURE 


I 
1 


VCC±=±15 
V 


I 
I 
Positive 
Limit 


Negative 
Limit 


OUTPUT 
VOLTAGE 
vs 


DIFFERENTIAL 
INPUT 
VOLTAGE 
5 


4 


3 


> 
2 
I 
•• 
Cl~g 
0 
'5 
S- 
-1 
::l0 
I 
-2 
~ 
-3 


-4 


1 
_I. 
VCC±=±5 
V 
TA = 25°C 


l 
V 


RL = 600 n 
~ 


RL = 1 kn 1--- y}1 
V Ii'rr- - - 
RL=2kn 
- 
--- - 
RL= 
10 kn 


-I 
1- 


-20 
-~ 
-~ 
-~ 
0 
~ 
~ 
~ 
100 
1~ 


TA - Free-Air 
Temperature 
- °C 
Figure 18 


OUTPUT 
VOLTAGE 
vs 
DIFFERENTIAL 
INPUT 
VOLTAGE 


VCC±=±15V 
TA = 25°C 


> 
5 
I 
•• 
Cl~g 
0 
'5 
Q. 
'50 
-5 
RL= 
600n 


I 
RL = 1 kn 
~ 
RL= 
2 kn 


-10 
RL = 10 kn 


-15 
-400 
-200 
0 
200 
400 


VID - Differential 
Input Voltage - 
IN 
Figure 20 


VID - 
Differential 
Input Voltage 
- ~v 
Figure 19 


MAXIMUM 
PEAK 
OUTPUT 
VOLTAGE 
vs 
SUPPLY 
VOLTAGE 
16 


> 
12 
I 
•• 
Cl~ 
8 
g 
'5 
4 
S- 
::l0... 
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•••• 
Q. 
E 
-4 
::l 
E 
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•• 
-8 
:< 
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:< 
~ 
-12 


-16 
0 
2 
4 
6 
8 
10 
12 
14 
16 


1VCC±I- 
Supply 
Voltage 
- V 
Figure 21 
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MAXIMUM PEAK-TO-PEAK 
OUTPUT VOLTAGEt 
vs 
FREQUENCY 


I 
I111111 


VCC±=±15 
V 


I 
I "" 
RL= 2 kQ 


MAXIMUM PEAK-TO-PEAK 
OUTPUT VOLTAGE 
vs 
FREQUENCY 
> 
30 
I 
I 
I 
111111 
I 
I IIIII 


•• 
RL=2 
kQ 
'" 
VCC±=±15V 
~ 
TA = 25°C 
~ 
25 
:; 
\ 


Q.:; 
0 
20 
\ 


... 
•••• 
Il.i 
15 
•• 
1\ 
•• 
Il. 
E 
10 - 
::J 
VCC±=±5 
V 
E 
\ 
";<•• 
::E 
I 
5 
0:- 
Il. 
~- 
~ 
0 
10 k 
100 k 
1M 
10 M 


\, 


f - Frequency 
- Hz 
Figure 23 


MAXIMUM PEAK OUTPUT VOLTAGE 
vs 
OUTPUT CURRENT 


VCC±=±5V 
RL=10kQ 
TA = 25°C 


?i1irt,IIl' 


VCC±=±5V 
1 


100 k 
1 M 


f - Frequency 
- Hz 
Figure 22 


MAXIMUM PEAK-TO-PEAK 
OUTPUT VOLTAGE 
vs 
FREQUENCY 


I 
II 
III 


RL=10kQ 
TA = 25°C 
1\VCC±=±15V 
\ 


1\ 


" 


VCC±=~~V 


III/II 
"-... 


2 
4 
6 
8 
10 
12 
14 
16 
18 
20 


110I - Output 
Current 
- mA 
Figure 25 


f - Frequency 
- Hz 
Figure 24 
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MAXIMUM PEAK OUTPUT VOLTAGE 
vs 
OUTPUT CURRENT 
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MAXIMUM PEAK OUTPUT VOLTAGEt 
vs 
FREE-AIR TEMPERATURE 


VOM+ 
RL= 10 kn 


RL=2 
kQ 


VCC±=±5V 


- 
VOM- 
RL=2 
kQ 


RL 


1= 10 klQ 


VCC±=±15V 
RL=10kn 
TA = 25°C 


o o 
5 
10 
15 
20 
25 
30 
35 
40 
50 
50 


110 I - Output Current - mA 
Figure 26 


MAXIMUM PEAK OUTPUT VOLTAGEt 
vs 
FREE-AIR TEMPERATURE 


RL= 10 kn 


VOM+ 
RL = 2 kn 


VCC±=±15V 


VOM- 
RL = 2 kn 
I 


RL = ,10kn 


-16 
-75 
-50 
-25 
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25 
50 
75 
100 


TA - Free-Air Temperature - °C 
Figure 28 
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TA - Free-Air Temperature - °C 
Figure 27 


LARGE-SIGNAL 
DIFFERENTIAL 
VOLTAGE 
AMPLIFICATION 
vs 
LOAD RESISTANCE 
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Figure 29 
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LARGE·SIGNAL 
DIFFERENTIAL 
VOLTAGE 
AMPLIFICATION 
AND 
PHASE 
SHIFT 
vs 


FREQUENCY 
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Figure30 


TL051 
AND 
TL052 
LARGE·SIGNAL 
DIFFERENTIAL 
VOLTAGE 
AMPLIFICATIONt 
vs 


FREE·AIR 
TEMPERATURE 
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TL054 
LARGE·SIGNAL 
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TL052 
PHASE MARGINt 
vs 
LOAD CAPACITANCE 


VI= 
10 mV 
RL=2 
kQ 


TA = 25·C 
See Figure 4 
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FREE-AIR TEMPERATURE 


VI=10mV 
RL=2 
kQ 
CL=25pF 
See Figure 4 
VCC±=±15V 


~ - 
--- 
•.•.,......., 


VCC± = ±5 V 


~ - 
'/ 


......- 


•.•. 


55°-75 
-50 
-25 
0 
25 
50 
75 
100 
125 
TA - Free-Air Temperature _oc 
Figure 76 


TL052 
PHASE MARGINt 
vs 
FREE-AIR TEMPERATURE 


65° 


63° 


VCC±=±15V 
c.~ 
61° 
co:E 
GIIII 
cor. 
ll. 
I 
59° 


E 


-e- 


57° 


55°-75 
-50 
-25 
0 
25 
50 
75 
100 
125 
TA - Free-Air Temperature - °C 
Figure 77 


TL054 
PHASE MARGINt 
vs 
FREE-AIR TEMPERATURE 


VI= 10 mV 
RL= 2 kQ 
CL = 25 pF 
See Figure 4 


55°-75 
-50 
-25 
0 
25 
50 
75 
100 
125 
TA - Free-Air Temperature - °c 


~TEXAS 
INSTRUMENTS 


16 


12 


> 
8 
E 
I8, 
4 
J!l 
~ 
0 
:; 
a.:; 
-4 
0 
I 
0 
> 
-8 


-12 


-16 


TL05x, TL05xA, TL05xY 
ENHANCED·JFET LOW·OFFSET 
OPERATIONAL AMPLIFIERS 
SLOS178- 
FEBRUARY 
1997 


VOLTAGE-FOLLOWER 
SMALL-SIGNAL 
PULSE RESPONSE 


n 
- 
11 


VCC±=±15V 
RL = 2 k.Q 


CL = 100 pF 
TA=25°C 
See Figure 1 
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VCC±=±15V 
RL = 2 k.Q 


CL=1oopF 
TA = 25°C 
See Figure 1 
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output characteristics 


All operating 
characteristics 
(except 
bandwidth 
and phase margin) 
are specified 
with 1OO-pF load capacitance. 


The TL05x and TL05xA 
drive higher capacitive 
loads; however, 
as the load capacitance 
increases, 
the resulting 
response 
pole occurs 
at lower frequencies, 
thereby 
causing 
ringing, 
peaking, 
or even oscillation. 
The value of 
the load capacitance 
at which 
oscillation 
occurs 
varies 
with production 
lots. If an application 
appears 
to be 
sensitive 
to oscillation 
due to load capacitance, 
adding a small resistance 
in series with the load should alleviate 
the problem. 
Capacitive 
loads of 1000 pF and larger may be driven if enough 
resistance 
is added in series with 
the output 
(see Figure 81 and Figure 82). 
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Figure 81. Effect of Capacitive Loads 
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(see Note A) 


~TEXAS 
INSTRUMENTS 


TL05x,TL05xA,TL05xY 
ENHANCED-JFET LOW-OFFSET 
OPERATIONAL AMPLIFIERS 
SLOS178-FEBRUARY 
1997 


input characteristics 


The TL05x and TL05xA are specified with a minimum and a maximum input voltage that, if exceeded at either 
input, could cause the device to malfunction. 


Because of the extremely high input impedance and resulting low bias current requirements, the TL05x and 
TL05xA are well suited for low-level signal processing; however, leakage currents on printed-circuit boards and 
sockets can easily exceed bias current requirements and cause degradation in system performance. It is good 
practice to include guard rings around inputs (see Figure 83). These guards should be driven from a 
low-impedance source at the same voltage level as the common-mode input. 


Unused amplifiers should be connected as grounded unity-gain followers to avoid possible oscillation. 


(b) INVERTING 
AMPLIFIER 


Figure 83. Use of Guard Rings 


noise performance 


The noise specifications in operational amplifier circuits are greatly dependent on the current in the first-stage 
differential amplifier. The low input bias current requirements of the TL05x and TL05xA result in a very low 
current noise. This feature makes the devices especially favorable over bipolar devices when using values of 
circuit impedance greater than 50 kn. 
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phase meter 


The phase meter in Figure 84 produces 
an output voltage 
of 10 mV per degree 
of phase delay between 
the two 


input signals VA and VB. The reference 
signal VA must be the same frequency 
as VB. The TLC3702 
comparators 


(U1) convert 
these two input sine waves 
into ±5-V 
square 
waves. 
Then R1 and R4 provide 
level shifting 
prior 
to the SN74HC1 
09 dual J-K flip flops. 


Flip-flop 
U2B is connected 
as a toggle 
flip-flop 
and generates 
a square 
wave 
at half the frequency 
of VB' 


Flip-flop 
U2A also produces 
a square 
wave at half the input frequency. 
The pulse duration 
of U2A varies from 
zero to half the period, 
where 
zero corresponds 
to zero phase 
delay between 
VA and VB and half the period 
corresponds 
to VB lagging 
VA by 360 degrees. 


The output pulse from U2A causes 
the TLC4066 
(U3) switch to charge the TL05x (U4) integrator 
capacitors 
C1 
and C2. As the phase delay approaches 
360 degrees, 
the output of U4A approximates 
a square wave and U2A 
has an output 
of almost 
2.5 V. U4B acts as a noninverting 
amplifier 
with a gain of 1.44 in order to scale the 
0- to 2.5-V integrator 
output 
to a 0- to 3.6-V output 
range. 


R8 and 
R10 provide 
output 
gain and zero-level 
calibration. 
This circuit 
operates 
over a 100-Hz 
to 10-kHz 
frequency 
range. 


C2 
O.01611F 


R1 


100 kn 


R9 


20kn 


Gain 
+5V 


R10 
10kn 
Zero 


-5V 


NOTE A: 
U1 = TLC3702; VCC± = ±5 V 
U2 = SN74HC109 
U3 = TLC4066 
U4. U5 = TL05x; VCC± = ±5 V 
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precision 
constant-current 
source over temperature 


A precision 
current 
source 
(see 
Figure 
85) benefits 
from 
the 
high 
input 
impedance 
and 
stability 
of Texas 
Instruments 
enhanced-JFET 
process. 
A low-current 
shunt regulator 
maintains 
2.5 V between 
the inverting 
input 
and the output 
of the TL05x. 
The negative 
feedback 
then forces 
2.5 V across 
the current 
setting 
resistor 
R; 


therefore, 
the current 
to the load is simply 
2.5 V divided 
by R. 


Possible 
choices 
for the shunt 
regulator 
include 
the LT1004, 
LT1009, 
and LM385. 
If the regulator's 
cathode 
connects 
to the operational 
amplifier 
output, 
this circuit sources 
load current. 
Similarly, 
if the cathode 
connects 
to the inverting 
input, the circuit sinks current from the load. To minimize 
output current change 
with temperature, 


R should 
be a metal film resistor 
with a low temperature 
coefficient. 
Also, this circuit 
must be operated 
with 
split-voltage 
supplies. 


Load 
V=Oto10V 


NOTE B: 
U1 = 1/2 TL05x 
U2 = LM385, LT1004. or LT1009 voltage reference 


I = 2.~ V • R = Low temperature 
coefficient metallilm 
resistor 
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instrumentation 
amplifier 
with adjustable 
gain/null 


The instrumentation 
amplifier 
in Figure 86 benefits 
greatly from the high input impedance 
and stable input offset 
voltage 
of the TL05xA. 
Amplifiers 
U 1A, U 1B, and U2A form the actual 
instrumentation 
amplifier, 
while 
U2B 
provides 
offset null. Potentiometer 
R1 provides 
gain adjust. With R1 '" 2 kn, the circuit gain equals 
100, while 
with R1 '" 200 kn, the circuit gain equals two. The following 
equation 
shows the instrumentation 
amplifier 
gain 
as a function 
of R1 : 


A 
_ 
(R2 
+ 
R3) 
v 
- 
1 + 
R1 


Readjusting 
the offset 
null is necessary 
whenever 
the circuit 
gain is changed. 
If U2B is needed 
for another 
application, 
R7 can be terminated 
at ground. 
The low input offset voltage 
of the TL05xA 
minimizes 
the dc error 
of the circuit. 
For best matching, 
all resistors 
should 
be one percent 
tolerance. 
The matching 
between 
R4, R5, 


R6, and R7 controls 
the CMRR 
of this application. 


The following 
equation 
shows 
the output 
voltages 
when the input voltage 
equals 
zero. This dc error can be 
nulled by adjusting 
the offset null potentiometer; 
however, 
any change 
in offset voltage over time or temperature 
also creates 
an error. To calculate 
the error from changes 
in offset, consider 
the three offset components 
in the 
equation 
as delta offsets rather than initial offsets. The improved 
stability 
of Texas Instruments 
enhanced 
JFETs 
minimizes 
the error resulting 
from change 
in input offset voltage 
with time. Assuming 
VI equals 
zero, Va can 
be shown 
as a function 
of the offset voltage: 


Vo 
= 
VI02[(1 
+ 
~~) 
(R5 
~ 
R7) 
(1 
+ 
~~) 
+ 
~~(~~)] 


-VI01[ 
~~ 
(R5 
~ 
R7) 
(1 
+ 
~~) 
+ 
~~(1 
+ 
~~)] 
+ 
VI03 
(1 
+ 
~~) 


200kr.l 
10 turn 


AV=2to100 
2kr.l 
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high input impedance 
log amplifier 


The low input offset voltage and high input impedance of the TL05xA creates a precision log amplifier (see 
Figure 87). IC1 is a 2.5-V, low-current precision, shunt regulator. Transistors 01 and 02 must be a closely 
matched NPN pair. For best performance over temperature, R4 should be a metal film resistor with a low 
temperature coefficient. 


In this circuit, U1A serves as a high-impedance unity-gain buffer. Amplifier U1B converts the input voltage to 
a current through R1 and 01. Amplifier U1C, IC1, and R4 form a 1-IJA temperature-stable current source that 
sets the base-emitter voltage of 02. U10 amplifies the difference between the base-emitter voltage of 01 and 
02 (see Figure 88). The output voltage is given by the following equation: 


V 
= -[1 + R6] kT [In 
VI 
] where k = 1'.38 x 10-23, 
q = 1.602 x 10-19, 


o 
R5 
q 
(R1 x 1 x 10-6) 
and T is in degrees kelvin. 


R4 


2.5MQ 


\\ 
'\'-. 


...•....... 


i"-. -...- 
- 


fXl... 


1 
l5 -0.15 
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-0.2 
E 
c( 
~ 
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f - Frequency 
- Hz 


~TEXAS 
INSTRUMENTS 


TL05x, TL05xA, TL05xY 
ENHANCED·JFET LOW·OFFSET 
OPERATIONAL AMPLIFIERS 
SLOS 178 - FEBRUARY 
1997 


analog thermometer 


By combining 
a current 
source that does not vary over temperature 
with an instrumentation 
amplifier, 
a precise 
analog 
thermometer 
can be built (see Figure 89). Amplifier 
U1 A and IC1 establish 
a constant 
current 
through 
the temperature-sensing 
diode D1. For this section 
of the circuit to operate 
correctly, 
the TL05x 
must use split 
supplies 
and R3 must be a metal-film 
resistor 
with a low temperature 
coefficient. 


The temperature-sensitive 
voltage 
from the diode 
is compared 
to a temperature-stable 
voltage 
reference 
set 
by IC2. R4 should 
be adjusted 
to provide 
the correct 
output voltage 
when the diode is at a known temperature. 
Although 
this potentiometer 
resistance 
varies with temperature, 
the divider 
ratio of the potentiometer 
remains 
constant. 


Amplifiers 
U 1B, U2A, and U2B form the instrumentation 
amplifier 
that converts 
the difference 
between 
the diode 
and reference 
voltage 
to a voltage 
proportional 
to the temperature. 
With switch 
81 closed, 
the amplifier 
gain 
equals 
5 and the output voltage 
is proportional 
to temperature 
in degrees 
Celsius. 
With 81 open, the amplifier 
gain is 9 and the output 
is proportional 
to temperature 
in degrees 
Fahrenheit. 
Every time that 81 is changed, 


R4 must be recalibrated. 
By setting 
81 correctly, 
the output 
voltage 
equals 
10 mV per degree 
(C or F). 


R9 
R12 


10kQ 
10 kQ 


10kQ 
+15 V 
R5 
R7 
5kQ 
5 kQ 


51 
Vo 
(see Note C) 
(see Note 0) 


-15V 


R8 


R10 


10 kQ 


R11 
10kQ 


R1 


100 kQ 


10 kQ 
(see Note B) 


01 
(see Note A) 


NOTES: 
A. 
Temperature-sensing 
diode ~ (-2 
mV/oC) 
B. 
Metal-film resistor (low temperature 
coefficient) 


C. 
Switch open for OFand closed for °C 
D. Vo 0. temperature; 
10 mV/oC or 10 mVioF 
E. 
U1, U2 ; TL05x. IC1, IC2 ; LM385, LT1004, or LT1009 voltage reference 
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The application in Figure 90 measures the amplitude ratio of two signals and then converts the ratio to decibels 
(see Figure 91). The output voltage provides a resolution of 100 mV/dB. The two inputs can be either dc or 
sinusoidal ac signals. When using ac signals, both signals should be the same frequency or output glitches will 
occur. For measuring two input signals of different frequencies, extra filtering should be added after the 
rectifiers. 


The circuit contains three low-offset TL05xA devices. Two of these devices provide the rectification and 
logarithmic conversion of the inputs. The third TL05xA forms an instrumentation amplifier. The stage performing 
the logarithmic conversion also requires two well-matched npn transistors. 


The input signal first passes through a high impedance unity-gain buffer U1A (U2A). Then U1B (U2B) rectifies 
the input signal at a gain of 0.5, and U1C (U2C) provides a noninverting gain of 2 so that the system gain is still 
one. U1D (U2D), R6 (R13), and Q1 (Q2) perform the logarithmic conversion of the rectified input signal. The 
instrumentation amplifier formed by U3A, U3B, U3D scales the difference of the two logarithmic voltages by a 
gain of 33.6. As a result, the output voltage equals 100 mV/dB. The 1-kQ potentiometer on the input of U3C 
calibrates the zero dB reference level. The following equations are used to derive the relationship between the 
input voltage ratio expressed in decibels and the output voltage. 


[ 
VA] 
[In (VA) - (VB)] 
X dB = 20 log VB 
= 20 
In (10) 


X dB = 8.686 [In (VA) - 
In (VB)] 


VBE(Q1) = k; 
In [ R~AIS] 
VBE(Q2) = k; 
In [ R~BIS] 


~VBE = VBE(Q1) -VBE(Q2) = 
~T [In (VA) - 
In (VB)] 


X dB = ~~Jg[V BE(Q1) -V BE(Q2)] = 336 [V BE(Q1) -V BE(Q2)] at 25°C 


k = 1.38 x 10-23, 
q = 1.602 x 10-19, 
and T is in kelvins. 


This would give a resolution of 1 V/dB. Therefore, the gain of the instrumentation amplifier is set at 33.6 to obtain 
100 mV/dB. 
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Macromodel 
information 
provided 
was derived 
using Microsim 
Parts™, the model 
generation 
software 
used 
with Microsim 
PSpice™. The Boyle macromodel 
(see Note 5) and subcircuit 
Figure 92 are generated 
using the 
TL05x 
typical 
electrical 
and operating 
characteristics 
at TA = 25°C. 
Using this information, 
output 
simulations 
of the following 
key parameters 
can be generated 
to a tolerance 
of 20% (in most cases): 


• 
Maximum 
positive 
output 
voltage 
swing 
• 
Unity-gain 
frequency 


• 
Maximum 
negative 
output voltage 
swing 
• 
Common-mode 
rejection 
ratio 


• 
Slew rate 
• 
Phase margin 


• 
Quiescent 
power dissipation 
• 
DC output 
resistance 


• 
Input bias current 
• 
AC output 
resistance 


• 
Open-loop 
voltage 
amplification 
• 
Short-circuit 
output 
current 
limit 


NOTE 5: 
G. R. Boyle, B. M. Cohn, D. O. Pederson, and J. E. Solomon, "Macromodeling of Intergrated Circuit Operational Amplifiers", IEEE 
Journal of Solid-State Circuits, SC-9, 353 (1974). 


R0290 


HUM 


OUT 


RD1 
4 
11 
3.422E3 


RD2 
4 
12 
3.422E3 
R01 
8 
5 
125 
R02 
7 
99 
125 
RP 
3 
4 
11.11E3 
RSS 
10 
99 
666.7E6 


VB 
9 
0 
DC 0 
VC 
3 
53 
DC 3 
VE 
54 
4 
DC 3.7 
VUM 
7 
8 
DC 0 
VLP 
91 
0 
DC 28 
VLN 
0 
92 
DC 28 


.MODEL DX D (IS=800.0E-18) 
.MODEL JX PJF (IS=15.00E-12 BETA=185.2E-6 
+ VTO=-.1) 
.ENDS 


.SUBCKT TL05x 1 2345 
C1 
11 
12 
3.988E-12 
C2 
6 
7 
15.00E-12 
DC 
5 
53 
DX 


DE 
54 
5 
DX 


DLP 
90 
91 
DX 
DLN 
92 
90 
DX 
DP 
4 
3 
DX 
EGND 
99 
0 
POLY (2) (3,0) (4,0) 0.5.5 
FB 
7 
99 
POLY (5) VB VC VE VLP 
+ VLN 0 2.875E6 -3E6 3E6 3E6 -3E6 
GA 
6 
0 
11 
12292.2E-6 
GCM 
0 
6 
10 
99 6.542E-9 
ISS 
3 
10 
DC 300.0E-6 
HUM 
90 
0 
VUM 1K 
J1 
11 
2 
10JX 
J2 
12 
1 
10JX 


R2 
6 
9 
100.0E3 


Macromodel8. simulation models, or other models provided by TIt 
dIrectly 
or Indirectly, 
are not warranted 
by Till fully representing 
all 
01 
the 
specification 
and 
operating 
characteristics 
of 
the 
semiconductor 
product 
to which 
the model 
relate •. 
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• 
Very Low Power 
Consumption 


• 
Typical 
Supply 
Current 
... 
200 IlA 
(per Amplifier) 


• 
Wide Common-Mode 
and Differential 
Voltage 
Ranges 


• 
Low Input Bias and Offset 
Currents 


• 
Common-Mode 
Input Voltage 
Range 
Includes Vcc+ 


• 
Output 
Short-Circuit 
Protection 


• 
High Input impedance 
... 
JFET-Input 
Stage 


• 
Internal 
Frequency 
Compensation 


• 
Latch-Up-Free 
Operation 


• 
High Slew Rate ... 
3.5 VlIlS Typ 


description 


The JFET-input operational amplifiers of the TL06_ series are designed as low-power versions of the TL08_ 
series amplifiers. They feature high input impedance, wide bandwidth, high slew rate, and low input offset and 
bias currents. The TL06_ series feature the same terminal assignments as the TL07_ and TL08_ series. Each 
of these JFET-input operational amplifiers 
incorporates well-matched, 
high-voltage JFET and bipolar 
transistors in a monolithic integrated circuit. 


The e-suffix devices are characterized for operation from ooe to 70oe. The I-suffix devices are characterized 
for operation from -40oe to 85°e, and the M-suffix devices are characterized for operation over the full military 
temperature range of -55°e 
to 125°e. 


~:~~;T~~~o~1: 
.::~~~~.1~~~:~:~~ 
::-te~~'~~~~m~~fi 


standard warranty. Production processing does not necessarlty Include 
testing 
of aU parameters. 
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(TOP VIEW) 
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1996 


PACKAGED 
DEVICES 
VIOmax 
CHIP FORM 
TA 
AT 25°C 
SMALL 
OUTLINE 
SMALL 
OUTLINE 
PLASTIC 
DIP 
PLASTIC 
DIP 
TSSOP 
(Y) 
(DOO8)t 
(D014)t 
(N) 
(P) 
(PW) 


15mV 
TL061CD 
TL061CP 
TL061CPW 
TL061Y 
6mV 
TL061ACD 
TL061ACP 
3mV 
TL061 BCD 
TL061BCP 


O°C 
15mV 
TL062CD 
TL062CP 
TL062CPW 
TL062Y 
to 
6mV 
TL062ACD 
TL062ACP 
lDOC 
3mV 
TL062BCD 
TL062BCP 


15mV 
TL064CD 
TL064CN 
TL064CPW 
TL064Y 
6mV 
TL064ACD 
TL064ACN 
3mV 
TL064BCD 
TL064BCN 


PACKAGE 


TA 
VIOmax 
SMALL 
SMALL 
CHIP 
CERAMIC 
CERAMIC 
PLASTIC 
PLASTIC 
FLAT 
FLAT 
AT 25°C 
OUTLINE 
OUTLINE 
CARRIER 
DIP 
DIP 
DIP 
DIP 
PACK 
PACK 
(DOO8)t 
(D014)t 
(FK) 
(J) 
(JG) 
(N) 
(P) 
(U) 
(W) 


-40°C 
TL0611D 
TL0611P 
to 
6mV 
TLD621D 
TL0641D 
TL0641N 
TL0621P 
85°C 


-55°C 
6mV 
TL061MFK 
TL061MJG 
TL061MU 
to 
6mV 
TL062MFK 
TL062MJG 
TL062MU 
125°C 
9mV 
TL064MFK 
TL064MJ 
TL064MW 


~TEXAS 
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IN+ 
~ 


IN----~~ 


r-----.J-L-----, 
I 
OFFSET N1 
OFFSET N2 
I 
I 
Offset Null/Compensation 
I 
L 
~l~~~y 
-I 


OFFSETN2 
V----~I 


TL061 Only 


C1 = 10 pF on TL061 , TL062, and TL064 
Component values shown are nominal. 
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TL061Y chip information 


This chip, when properly assembled, displays characteristics similar to the TL061. Thermal compression or 
ultrasonic bonding may be used on the doped-aluminum bonding pads. The chips may be mounted with 
conductive epoxy or a gold-silicon preform. 


I'll 
53 
~ 


1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1' 


CHIP THICKNESS: 
15 TYPICAL 


BONDING 
PADS: 4 x 4 MINIMUM 


TJmax = 150°C 


TOLERANCES 
ARE ±10%. 


ALL DIMENSIONS 
ARE IN MILS. 


PIN (4) IS INTERNALLY 
CONNECTED 
TO BACKSIDE 
OF CHIP. 


~TEXAS 
INSTRUMENTS 


TL061,TL061A, TL061B,TL061~TL062,TL062A 
TL062B, TL062~ TL064,TL064A, TL064B, TL064Y 
LOW-POWER 
JFET-INPUT OPERATIONAL 
AMPLIFIERS 
SLOS078C 
- NOVEMBER 
1978 - REVISED 
AUGUST 
1996 


TL062Y chip information 


This chip, when properly assembled, displays characteristics similar to the TL062. Thermal compression or 
ultrasonic bonding may be used on the doped-aluminum bonding pads. The chips may be mounted with 
conductive epoxy or a gold-silicon preform. 


l1N+ 
(3) 


(2) 
lOUT 
l1N- 


21N+ 
- 
20UT 
- 
(6) 
21N- 


CHIP THICKNESS: 
15 TYPICAL 


BONDING 
PADS: 4 x 4 MINIMUM 


TJmax = 150°C 


TOLERANCES 
ARE ±10%. 


ALL DIMENSIONS 
ARE IN MILS. 


PIN (4) IS INTERNALLY 
CONNECTED 
TO BACKSIDE 
OF CHIP. 


~ 
~ 
~ 
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TL064Y 
chip information 


This chip, when properly assembled, displays characteristics similar to the TL064. Thermal compression or 
ultrasonic bonding may be used on the doped-aluminum bonding pads. The chips may be mounted with 
conductive epoxy or a gold-silicon preform. 


I" 
110 
~ 
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11N+ 
(3) 


(2) 
11N- 


CHIP THICKNESS: 
15 TYPICAL 


BONDING PADS: 4 x 4 MINIMUM 


TJmax = 150°C 


TOLERANCES 
ARE ±10%. 


ALL DIMENSIONS 
ARE IN MILS. 


PIN (11) IS INTERNALLY 
CONNECTED 
TO BACKSIDE 
OF CHIP. 
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TL06_C 
TL06_AC 
TL06_1 
TL06_M 
UNIT 
TL06_BC 


Supply voltage, VCC+ (see Note 1) 
18 
18 
18 
V 


Supply voltage, VCC- 
(see Note 1) 
-18 
-18 
-18 
V 


Differential input voltage, VID (see Note 2) 
±30 
±30 
±30 
V 


Input voltage, VI (see Notes 1 and 3) 
±15 
±15 
±15 
V 


Duration of output short circuit (see Note 4) 
unlimited 
unlimited 
unlimited 


Continuous total dissipation 
See Dissipation Rating Table 


Operating free-air temperature 
range 
Oto 70 
-40 
to 85 
-55 
to 125 
°c 


Storage temperature 
range 
-65 
to 150 
-65 
to 150 
-65 
to 150 
°C 


Case temperature 
for 60 seconds 
FK package 
260 
°C 


Lead temperature 
1,6 mm (1/16 inch) from case for 60 seconds 
J, JG, U, or 
300 
°C 
W package 


Lead temperature 
1,6 mm (1/6 inch) from case for 10 seconds 
D, N, P,or 
260 
260 
°C 
PW package 


t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions 
beyond those indicated under "recommended 
operating conditions" 
is not 
implied. Exposure to absolute-maximum-rated 
conditions for extended periods may affect device reliability. 


NOTES: 
1. 
All voltage values except differential voltages are with respect to the midpoint between VCC + and VCC _. 
2. 
Differential voltages are at IN+ with respect to IN-. 
3. 
The magnitude of the input voltage must never exceed the magnitude of the supply voltage or 15 V, whichever 
is less. 
4. 
The output may be shorted to ground or to either supply. Temperature and/or supply voltages must be limited to ensure that the 
dissipation 
rating is not exceeded. 


PACKAGE 
TA ~ 25°C 
DERATING 
DERATE 
TA = 70°C 
TA = 85°C 
TA = 125°C 
POWER RATING 
FACTOR 
ABOVETA 
POWER RATING 
POWER RATING 
POWER RATING 


D (8 pin) 
680mW 
5.8mW/oC 
33°C 
465mW 
378mW 
N/A 


D (14pin) 
680mW 
7.6mW/oC 
60°C 
604mW 
490mW 
N/A 


FK 
680mW 
11.0mW/oC 
88°C 
680 mW 
680 mW 
273mW 


J 
680mW 
11.0 mW/oC 
88°C 
680mW 
680mW 
273mW 


JG 
680mW 
8.4 mW/oC 
69°C 
672mW 
546mW 
210mW 


N 
680mW 
9.2mW/oC 
76°C 
680mW 
597mW 
N/A 


P 
680mW 
8.0 mW/oC 
65°C 
640mW 
520 mW 
N/A 


PW (8 pin) 
525mW 
4.2 mWfOC 
25°C 
336mW 
N/A 
N/A 


PW (14 pin) 
700mW 
5.6mW/oC 
25°C 
448mW 
N/A 
N/A 


U 
675mW 
5.4 mW/oC 
25°C 
432mW 
351 mIW 
135mW 


W 
680mW 
8.0 mW/oC 
65°C 
640mW 
520 mW 
200mW 


~TEXAS 
INSTRUMENTS 


TL061C 
TL061AC 
TL061BC 
TL061 I 


TEST CONDITIONSt 
TL062C 
TL062AC 
TL062BC 
TL0621 
PARAMETER 
TL064C 
TL064AC 
TL064BC 
TL0641 
UNIT 


MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


VO=O, 
TA = 25°C 
3 
15 
3 
6 
2 
3 
3 
6 
VIO 
Input offset voltage 
mV 
RS =50n 
TA = Full range 
20 
7.5 
5 
9 


aVIO 
Temperature coefficient 
VO=O, 
RS=50n, 
10 
10 
10 
10 
/lVrC 
of input offset voltage 
TA = Full range 


TA = 25°C 
5 
200 
5 
100 
5 
100 
5 
100 
pA 
110 
Input offset current 
VO=O 
TA = Full range 
5 
3 
3 
, 
10 
nA 


TA = 25°C 
30 
400 
30 
200 
30 
200 
30 
200 
pA 
liB 
Input bias current:j: 
VO=O 
TA = Full range 
10 
7 
7 
20 
nA 


Common-mode 
input 
-12 
-12 
-12 
-12 
VICR 
TA = 25°C 
±11 
to 
±11 
to 
±11 
to 
±11 
to 
V 
voltage range 
15 
15 
15 
15 


Maximum peak output 
RL = 10 kn, 
TA = 25°C 
±10 
±13.5 
±10 
±13.5 
±10 
±13.5 
±10 
±13.5 
YOM 
V 
voltage swing 
RL2:10kn, 
TA = Full range 
±10 
±10 
±10 
±10 


Large-signal differential 
VO=±10V, 
TA = 25°C 
3 
6 
4 
6 
4 
6 
4 
6 
AVD 
V/mV 
voltage amplification 
RL2:10kn 
TA = Full range 
3 
4 
4 
4 


B1 
Unity-gain bandwidth 
RL = 10 kn, 
TA = 25°C 
1 
1 
1 
1 
MHz 


r; 
Input resistance 
TA = 25°C 
1012 
1012 
1012 
1012 
n 


CMRR 
Common-mode 
rejection 
VIC = VICRmin, 
VO=O, 
70 
86 
80 
86 
80 
86 
80 
86 
dB 
ratio 
RS=50n, 
TA = 25°C 


Supply-voltage 
rejection 
VCC =±9 
Vto ± 15 V, 
kSVR 
ratio (8VCC±ltNI0) 
VO=O, 
RS=50n, 
70 
95 
80 
95 
80 
95 
80 
95 
dB 
TA = 25°C 


PD 
Total power dissipation 
VO=O, 
TA = 25°C, 
6 
7.5 
6 
7.5 
6 
7.5 
6 
7.5 
mW 
(each amplifier) 
No load 


ICC 
Supply current (each 
VO=O, 
TA = 25°C, 
200 
250 
200 
250 
200 
250 
200 
250 
/lA 
amplifier) 
No load 


V011V02 
Crosstalk attenuation 
AVO = 100, 
TA = 25°C 
120 
120 
120 
120 
dB 
t All characteristics are measured under open-loop conditions with zero common-mode 
input voltage unless otherwise specified. 
Full range for TA is O°Cto 70°C for TL06_ C, TL06_AC, 


and TL06_BC and -40°C 
to 85°C for TL06J 
:j:Input bias currents of a FET-input operational amplifier are normal junction reverse currents, which are temperature sensitive as shown in Figure 15. Pulse techniques must be used 
that will maintain the junction temperature as close to the ambient temperature as possible. 


TL061, TL061A, TL061B, TL061~TL062,TL062A 
TL062B, TL062~ TL064,TL064A,TL064B,TL064Y 
LOW-POWER 
JFET·INPUT OPERATIONAL 
AMPLIFIERS 
SLOS078C 
- NOVEMBER 
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AUGUST 
1996 


TL061M 
TL064M 
PARAMETER 
TEST CONDITIONSt 
TL062M 
UNIT 


MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


VO=O, 
TA = 25°C 
3 
6 
3 
9 
VIO 
Input offset voltage 
mV 
RS=50n 
TA = -55°C 
to 125°C 
9 
15 


Temperature coefficient 
VO=O, 
RS =50n, 
10 
10 
IlV/oC 
ClVIO 
of input offset voltage 
TA = -55°C 
to 125°C 


TA = 25°C 
5 
100 
5 
100 
pA 
110 
Input offset current 
VO=O 
TA = - 55°C to 125°C 
20 
20 
nA 


TA = 25°C 
30 
200 
30 
200 
pA 
liB 
Input bias current~ 
VO=O 
TA = - 55°C to 125°C 
50 
50 
nA 


Common-mode 
input 
-12 
-12 


VICR 
TA = 25°C 
±11.5 
to 
±11.5 
to 
V 
voltage range 
15 
15 


Maximum peak output 
RL = 10 kn, 
TA = 25°C 
±10 
±13.5 
±10 
±13.5 
YOM 
V 
voltage swing 
RL" 
10 kn, 
TA = -55°C 
to 125°C 
±10 
±10 


Large-signal 
differential 
VO=±10V, 
TA = 25°C 
4 
6 
4 
6 
AVO 
V/mV 
voltage amplification 
RL" 
10 kil 
TA = -55°C 
to 125°C 
4 
4 


B1 
Unity-gain bandwidth 
RL= 
10 kil, 
TA = 25°C 
MHz 


rj 
Input resistance 
TA - 25°C 
1012 
1012 
n 


CMRR 
Common-mode 
VIC= V'CRmin, 
Vo = 0, 
80 
86 
80 
86 
dB 
rejection ratio 
RS =50n, 
TA = 25°C 


kSVR 
Supply-voltage 
rejection 
VCC= ±9 V to ±15 V, 
VO=O, 
80 
95 
80 
95 
dB 
ratio (6VCC±/6VI0) 
RS=50n, 
TA = 25°C 


Po 
Total power dissipation 
VO=O, 
TA = 25°C, 
6 
7.5 
6 
7.5 
mW 
(each amplifier) 
No load 


ICC 
Supply current 
VO=O, 
TA = 25°C, 
200 
250 
200 
250 
IlA 
(each amplifier) 
No load 


V011V02 
Crosstalk attenuation 
AVO = 100, 
TA = 25°C 
120 
120 
dB 
t All characteristics 
are measured under open-loop conditions with zero common-mode 
voltage unless otherwise specified. 


~ Input bias currents of a FET-input operational 
amplifier are normal junction 
reverse currents, which are temperature 
sensitive as shown in 
Figure 15. Pulse techniques 
must be used that maintain the junction temperature 
as close to the ambient temperature 
as possible. 


PARAMETER 
TEST CONDITIONS 
MIN 
TYP 
MAX 
UNIT 


SR 
Slew rate at unity gain (see Note 5) 
VI= 
10V, 
RL=10kn, 
1.5 
3.5 
V/IlS 
CL = 100 pF, 
See Figure 1 


tr 
Rise time 
V,=20V, 
RL = 10 kn, 
0.2 


Overshoot factor 
CL = 100 pF, 
See Figure 1 
10% 
Ils 


Vn 
Equivalent input noise voltage 
RS= 20n, 
f= 1 kHz 
42 
nV/~ 
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TL061Y 
TL062Y 
PARAMETER 
TEST CONDITIONSt 
TL064Y 
UNIT 


MIN 
TYP 
MAX 


VIO 
Input offset voltage 
VO;O, 
RS;50 
n 
3 
15 
mV 


CLVIO 
Temperature coefficient of input offset voltage 
VO;O, 
RS;50n 
10 
flV/oC 


110 
Input offset current 
VO;O 
5 
200 
pA 


lIB 
Input bias current:j: 
VO;O 
30 
400 
pA 


-12 


VICR 
Common-mode 
input voltage range 
±11 
to 
V 
15 


YOM 
Maximum peak output voltage swing 
RL;10kn 
±10 
±13.5 
V 


AVO 
Large-signal 
differential voltage amplification 
VO;±10V, 
RL~2 
kn 
3 
6 
V/mV 


B1 
Unity-gain bandwidth 
RL;10kn 
1 
MHz 


rj 
Input resistance 
1012 
n 


CMRR 
Common-mode 
rejection ratio 
VIC ; VICRmin, 
VO;O, 
70 
86 
dB 
RS;50n 


kSVR 
Supply voltage rejection ratio (IlVCC± III VIO) 
VCC;±9Vto±15V, 
VO;O, 
70 
95 
dB 
RS;50n 


Po 
Total power dissipation (each amplifier) 
VO;O, 
No load 
6 
7.5 
mW 


ICC 
Supply current (per amplifier) 
VO;O, 
No load 
200 
250 
j.iA 


V01N02 
Crosstalk attenuation 
AVO; 
100 
120 
dB 
t All characteristics 
are measured under open-loop conditions with zero common-mode 
voltage unless otherwise specified. 
:j:Input bias currents of a FET-input operational 
amplifier are normal junction 
reverse currents, which are temperature 
sensitive as shown in 
Figure 15. Pulse techniques 
must be used that maintain the junction temperature 
as close to the ambient temperature 
as possible. 


TL061Y 
TL062Y 
PARAMETER 
TEST CONDITIONS 
TL064Y 
UNIT 


MIN 
TYP 
MAX 


SR 
Slew rate at unity gain 
VI;10mV, 
RL; 
10 kQ, 
1.5 
3.5 
V/flS 
CL; 
100 pF, 
See Figure 1 


tr 
Rise time 
VI ;20V, 
RL; 
10 kQ, 
0.2 
fls 


Overshoot factor 
CL; 
100 pF, 
See Figure 1 
10% 


Vn 
Equivalent input noise voltage 
RS;20n, 
f; 
1 kHz 
42 
nV/VHZ 
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Vcc- 


Figure 
3. Input Offset 
Voltage 
Null Circuit 
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FIGURE 


vs Supply voltage 
4 


VOM 
Maximum output voltage 
vs Free-air temperature 
5 
vs Load resistance 
6 
vs Frequency 
7 


AVD 
Differential voltage amplification 
vs Free-air temperature 
8 


AVD 
Large-signal 
differential voltage amplification 
vs Frequency 
9 


Phase shift 
vs Frequency 
9 


ICC 
Supply current 
vs Supply voltage 
10 
vs Free-air temperature 
11 


Po 
Total power dissipation 
vs Free-air temperature 
12 


CMRR 
Common-mode 
rejection ratio 
vs Free-air temperature 
13 


Normalized unity-gain bandwidth 
vs Free-air temperature 
14 


Normalized slew rate 
vs Free-air temperature 
14 


Normalized phase shift 
vs Free-air temperature 
14 


liB 
Input bias current 
vs Free-air temperature 
15 


Large-signal 
pulse response 
vs TIme 
16 


Vo 
Output voltage 
vs Elapsed time 
17 


Vn 
Equivalent input noise voltage 
vs Frequency 
18 
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APPLICATION 
DIAGRAM 
PART 
FIGURE 
NUMBER 


Instrumentation 
filter 
TL064 
19 


0.5-Hz square-wave 
oscillator 
TL061 
20 


High-Q notch filter 
TL061 
21 


Audio-distribution 
amplifier 
TL064 
22 


Low-level light detector preamplifier 
TL061 
23 


AC amplifier 
TL061 
24 


Microphone preamplifier with tone control 
TL061 
25 


Instrumentation 
amplifier 
TL062 
26 


IC preamplifier 
TL062 
27 
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Figure 19. Instrumentation 
Amplifier 
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• 
Very Low 
Power 
Consumption 


• 
Typical 
Supply 
Current 
.•• 
200 IlA 
(Per Amplifier) 


• 
Wide 
Common-Mode 
and 
Differential 
Voltage 
Ranges 


• 
Low 
Input 
Bias and 
Offset 
Currents 


• 
Common-Mode 
Input 
Voltage 
Range 
Includes 
Vcc+ 


• 
Output 
Short-Circuit 
Protection 


• 
High 
Input 
Impedance 
.•. 
JFET-Input 
Stage 


• 
Internal 
Frequency 
Compensation 


• 
Latch-Up-Free 
Operation 


• 
High 
Slew 
Rate ... 
3.5 VI/ls Typ 


description 


The TL064x2 JFET-input operational amplifier is 
designed as a low-power version of the TL084x2 
amplifier. It features high input impedance, wide 
bandwidth, high slew rate, and low input offset and 
bias currents. The TL064x2 features the same 
terminal 
assignments 
as 
the 
TL074x2 
and 
TL084x2. Each of these JFET-input operational 
amplifiers incorporates well-matched, high-volt- 
age JFET and bipolar transistors in a monolithic 
integrated circuit. 


The TL064x2 is characterized for operation from 
O°C to 70°C. 
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DB PACKAGE 
(TOPVIEW) 


lOUT 
CD 
30 
BOUT 


11N- 
2 
29 
BIN- 


11N+ 
3 
28 
BIN+ 


1VCC+ 
4 
27 
1VCC- 


21N+ 
5 
26 
71N+ 


21N- 
6 
25 
71N- 


20UT 
7 
24 
70UT 


NC 
8 
23 
NC 


30UT 
9 
22 
60UT 


31N- 
10 
21 
61N- 


31N+ 
11 
20 
61N+ 


2Vcc+ 
12 
19 
2Vcc- 
41N+ 
13 
18 
51N+ 


41N- 
14 
17 
51N- 


40UT 
15 
16 
50UT 


NC- No internalconnection 


symbol 
(each 
amplifier) 


::: 
~---- 
OUT 


PACKAGE 


TA 
VIOmax AT 25°C 
SMALL OUTLINE 
(DB)t 


O°Cto 70°C 
7mV 
TL064x2DBLE 


PRODUCTlON 
DATA Information 
I, 
cunent 
•• 
of pubtlcrtion 
date. 


Products conform to specifications per the terms of Texuln.trumentl 
standlrd 
•• mnty. 
Production 
processing 
does not neceuarily 
include 
testing of.1I parameters. 
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ACTUAL DEVICE 
COMPONENT 
COUNT 


Transistors 
116 
Resistors 
60 
JFET 
24 
Capacitors 
8 
Diodes 
4 
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absolute 
maximum 
ratings over operating 
free-air temperature 
range (unless 
otherwise 
noted)t 


Supply 
voltage, 
Vcc+ (see Note 1) 
18 V 
Supply 
voltage, Vcc- 
(see Note 1) 
-18 V 
Differential 
input voltage, 
VID (see Note 2) 
±30 V 
Input voltage, 
VI (any input) (see Notes 
1 and 3) 
±15 V 
Duration 
of output 
short circuit to ground 
(see Note 4) 
unlimited 
Continuous 
total dissipation 
See Dissipation 
Rating Table 
Operating 
free-air 
temperature 
range, TA 
O°C to 70°C 
Storage 
temperature 
range 
-65°C 
to 150°C 
Lead temperature 
1,6 mm (1/16 inch) from case for 10 seconds 
260°C 


t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these conditions is not implied. Exposure to absoiute-maximum-rated 
conditions for extended periods may 
affect device reliability. 


NOTES: 
1. 
All voltage values, except differential voltages and VCC specified for the measurement 
of lOS, are with respect to the midpoint 


between VCC+ and VCC-. 


2. 
Differential voltages are at IN + with respect to IN-. 


3. 
The magnitude of the input voltage must never exceed the magnitude of the supply voltage or 15 V, whichever 
is less. 
4. 
The output can be shorted to ground or to either supply. Temperature and/or supply voltages must be limited to ensure that the 
dissipation rating is not exceeded. 


DISSIPATION RATING TABLE 


TA s; 25°C 
DERATING FACTOR 
TA = 70°C 
POWER RATING 
ABOVE TA = 25°C 
POWER RATING 
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PARAMETER 
TEST CONDITIONSt 
TA* 
MIN 
TYP 
MAX 
UNIT 


25°C 
3 
15 
VIO 
Input offset voltage 
VO=O. 
RS =500 
mV 
Full range 
20 


Temperature coefficient of input offset 
, 


aVIO 
voltage 
VO=O. 
RS =500 
Full range 
10 
/J-V/oC 


25°C 
5 
200 
pA 
110 
Input offset current 
VO=O 
Full range 
5 
nA 


25°C 
30 
400 
pA 
liB 
Input bias current§ 
VO=O 
Full range 
10 
nA 


-12 


VICR 
Common-mode 
input voltage range 
25°C 
±11 
to 
V 
15 


RL = 10 kO 
25°C 
±10 
±13.5 
YOM 
Maximum peak output voltage swing 
V 
RL ~ 10 kO 
Full range 
±10 


Large-signal 
differential voltage 
25°C 
3 
6 
AVO 
amplification 
VO=±10V. 
RL ~ 10 kO 
V/mV 
Full range 
3 


B1 
Unity-gain bandwidth 
RL= 
10 kO, 
25°C 
1 
MHz 


r1 
Input resistance 
25°C 
1012 
0 


CMRR 
Common-mode 
rejection ratio 
VIC = VICRmin. 
VO=O. 
25°C 
70 
86 
dB 
RS=500 


kSVR 
Supply-voltage 
rejection ratio 
VCC =±9 
V tot 
15 V. 
VO=O. 
25°C 
70 
95 
dB 
(6VCC±/6VI0) 
RS=500 


Po 
Total power dissipation (each 
VO=O. 
No load 
25°C 
6 
7.5 
mW 
amplifier) 


ICC 
Supply current (each amplifier) 
VO=O. 
No load 
25°C 
200 
250 
JJ.A 


V011V02 
Crosstalk attenuation 
AVO = 100 
25°C 
120 
dB 
t All characteristics 
are measured under open-loop conditions with zero common-mode 
input voltage unless otherwise specified. 
* Full range is O°C to 70°C. 
§ Input bias currents of a FET-input operational 
amplifier are normal junction 
reverse currents. which are temperature 
sensitive as shown in 
Figure 13. Pulse techniques 
must be used that maintain the junction temperature 
as close to the ambient temperature 
as possible. 


PARAMETER 
TEST CONDITIONS 
MIN 
TYP 
MAX 
UNIT 


SR 
Slew rate at unity gain 
VI = 10 mY. 
RL=10kQ, 
1.5 
3.5 
V/IJ-S 
CL = 100 pF. 
See Figure 1 


tr 
Rise time 
VI =20V. 
RL=10kO. 
0.2 
IJ-S 


Overshoot factor 
CL = 100 pF. 
See Figure 1 
10% 


Vn 
Equivalent input noise voltage 
RS = 20 0, 
f = 1 kHz 
42 
nV/VHZ 
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FIGURE 


vs Supply voltage 
3 


VOM 
Maximum peak output voltage 
vs Free-air temperature 
4 
vs Load resistance 
5 
vs Frequency 
6 


AVD 
Differential voltage amplification 
vs Free-air temperature 
7 


AVD 
Large-signal differential voltage amplification 
vs Frequency 
8 


lee 
Supply current 
vs Supply voltage 
9 
vs Free-air temperature 
10 


PD 
Total power dissipation 
vs Free-air temperature 
11 


Normalized unity-gain bandwidth 
vs Free-air temperature 
12 


Normalized slew rate 
vs Free-air temperature 
12 


liB 
Input bias current 
vs Free-air temperature 
13 


Pulse response 
Large signal 
14 


Vo 
Output voltage 
vs Time 
15 


Vn 
Equivalent input noise voltage 
vs Frequency 
16 


Normalized phase shift 
vs Free-air temperature 
12 
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MAXIMUM PEAK OUTPUT VOLTAGE 
vs 
FREE·AIR TEMPERATURE 
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See F~gure 2 


MAXIMUM PEAK OUTPUT VOLTAGE 
vs 
LOAD RESISTANCE 
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See Figure 2 
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vs 
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See Figure 2 
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LARGE-SIGNAL 
DIFFERENTIAL 
VOLTAGE 
AMPLIFICATION 
AND PHASE SHIFT 
vs 
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SUPPLY CURRENT 
vs 
FREE-AIR TEMPERATURE 
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SUPPLY CURRENT 
vs 
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TOTAL POWER DISSIPATION 
vs 
FREE-AIR TEMPERATURE 
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OUTPUT VOLTAGE 
vs 
TIME 
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• 
Low Power Consumption 
• 
Wide Common-Mode 
and Differential 
Voltage Ranges 


• 
Low Input Bias and Offset Currents 


• 
Output Short-Circuit 
Protection 
• 
Low Total Harmonic Distortion 
0.003% Typ 


• 
Low Noise 
Vn = 18 nVl..JHZTyp at f = 1 kHz 


• 
High Input Impedance ... 
JFET Input Stage 


• 
Common-Mode 
Input Voltage Range 
Includes Vcc+ 


• 
Latch-Up-Free 
Operation 
• 
High Slew Rate ... 
13 VlIlS Typ 


description 


D, P, OR PW PACKAGE 
(TOP VIEW) 


N1/COMPD8 
CaMP 
IN- 
2 
7 
VCC+ 
IN+ 
3 
6 
OUT 


VCC _ 
4 
5 
OFFSET 
N2 


The JFET-input TL070 operational amplifier is 
designed as the lower-noise version of the TL080 
amplifier with low input bias and offset currents and fast slew rate. The low harmonic distortion and low noise 
make the TL070 ideally suited for high-fidelity and audio preamplifier applications. This amplifier features JFET 
inputs (for high input impedance) coupled with bipolar output stages integrated on a single monolithic chip. 


The TL070C device is characterized for operation from O°Cto 70°C. The TL0701 device is characterized for 
operation from - 40°C to 85°C. The TL070M device is characterized for operation from -55°C to 125°C. 


PACKAGE 


TA 
VIOmax 
SMALL 
OUTLINE 
PLASTIC 
DIP 
TSSOP 
AT 25°C 
(D) 
(P) 
(PW) 


O°C 10 70°C 
10mV 
TL070CD 
TL070CP 
TL070CPW 


-40°C 
10 85°C 
10mV 
TL070lD 
TL070lP 
- 


-55°Clo 
125°C 
10mV 
TL070MD 
TL070MP 
- 


~~~t~~~~o~~~: 
s:~r:;~~si~~~~:~~~~ 
g:~~~~~~~~~~ 
standard warranty. Production processing does not necessartty include 
testing of all perameters. 
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COMPONENT 
COUNTt 


Transistors 
13 
Diodes 
2 
Resistors 
10 
epi-FET 
1 
JFET 
2 
t Includes all bias and trim circuitry 
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a solute maximum 
ratings over operating 
free-air temperature 
range (unless otherwise 
noted)t 


Supply voltage, Vcc+ (see Note 1) 
18 V 
Supply voltage, Vcc- 
-18 V 
Differential input voltage, VID (see Note 2) 
±30 V 
Input voltage, VI (see Notes 1 and 3) 
±15 V 
Duration of short-circuit current (see Note 4) 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 
unlimited 
Continuous total dissipation 
See Dissipation Rating Table 
Operating free-air temperature range, TA: 
C suffix 
O°Cto 70°C 
I suffix 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 
-40°C to 85°C 
M suffix 
-55°C to 125°C 
Storage temperature range 
-65°C to 150°C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds 
260°C 


t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 


functional 
operation of the device at these or any other conditions 
beyond those indicated under "recommended 
operating conditions" 
is not 
implied. Exposure to absolute-maximum-rated 
conditions for extended periods may affect device reliability. 


NOTES: 
1. 
All voltage values, except differential voltages, are with respect to the midpoint between VCC + and VCC _. 
2. 
Differential voltages are at IN+ with respect to IN-. 


3. 
The magnitude of the input voltage must never exceed the magnitUde of the supply voltage or 15 V, whichever 
is less. 


4. 
The output may be shorted to ground or to either supply. Temperature 
and/or supply voltages must be limited to ensure that the 
dissipation rating is not exceeded. 


PACKAGE 
TA,,25°C 
DERATING 
DERATE 
TA=70°C 
TA=85°C 
TA = 125°C 
POWER RATING 
FACTOR 
ABOVETA 
POWER RATING 
POWER RATING 
POWER RATING 


D 
680mW 
5.8mW/oC 
33°C 
464mW 
377mW 
145mW 


P 
680mW 
8.0mW/oC 
65°C 
640mW 
520mW 
200mW 


PW 
525mW 
4.2mW/oC 
70°C 
336mW 
N/A 
NlA 
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TL070C 
PARAMETER 
TEST CONDITIONS 
TAt 
UNIT 
MIN 
TYP 
MAX 


25°C 
3 
10 
VIO 
Input offset voltage 
VO=O, 
RS =50Q 
mV 
Full range 
13 


aVIO 
Temperature coefficient of input offset 
VO=O, 
RS =50Q 
Full range 
18 
IlV/oC 
voltage 


25°C 
5 
100 
pA 
110 
Input offset current 
VO=O 
Full range 
10 
nA 


Input bias current:l: 
25°C 
65 
200 
pA 
liB 
VO=O 
Full range 
7 
nA 


-12 


VICR 
Common-mode 
input voltage range 
25°C 
±11 
to 
V 
15 


RL= 
10 kQ 
25°C 
±12 
±13.5 


YOM 
Maimum peak output voltage swing 
RL~10kQ 
±12 
V 
Full range 
RL~ 2 kQ 
±10 


Large-signal 
differential voltage 
Vo = ±10 V, 
25°C 
25 
200 
AVD 
V/mV 
amplification 
RL~2 
kQ 
Full range 
15 


B1 
Unity-gain bandwidth 
25°C 
3 
MHz 


q 
Input resistance 
25°C 
1012 
Q 


CMRR 
Common-mode 
rejection ratio 
VIC = VICRmin, 
VO=O, 
25°C 
70 
100 
dB 
RS = 50Q 


kSVR 
Supply voltage rejection ratio 
VCC=±9Vto±15V, 
VO=O, 
25°C 
70 
100 
dB 
(6VCC±/tNI0) 
RS = 50Q 


ICC 
Supply current 
VO=O, 
No load 
25°C 
1.4 
2.5 
mA 


V01/V02 
Crosstalk attenuation 
AVD = 100 
25°C 
120 
dB 


t All characteristics 
are measured under open-loop conditions with zero common-mode 
voltage unless otherwise specified. Full range for TA is 
DoCto 70°C. 


:I:Input bias currents of a FET-input operational 
amplifier are normal junction 
reverse currents, which are temperature 
sensitive as shown in 
Figure 5. Pulse techniques 
must be used that will maintain the junction temperature 
as close to the ambient temperature 
as possible. 
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TL0701 
PARAMETER 
TEST CONDITIONS 
TAt 
UNIT 
MIN 
TYP 
MAX 


25°C 
3 
10 
VIO 
Input offset voltage 
VO=O, 
RS=50Q 
mV 
Full range 
13 


ClVIO 
Temperature coefficient of input offset 
VO=O, 
RS=50Q 
Full range 
18 
JiVrC 
voltage 


25°C 
5 
100 
pA 
110 
Input offset current 
VO=O 
Full range 
10 
nA 


Input bias currentl 


25°C 
65 
200 
pA 
liB 
VO=O 
Full range 
20 
nA 


-12 


VICR 
Common-mode 
input voltage range 
25°C 
±11 
to 
V 
15 


RL= 
10 kQ 
25°C 
±12 
±13.5 


YOM 
Maximum peak output voltage swing 
RL" 
10 kQ 
±12 
V 


RL"2 
kQ 


Full range 


±10 


Large-signal differential voltage 
VO=±10V, 
25°C 
25 
200 
AVD 
VlmV 
amplification 
RL"2 
kQ 
Full range 
15 


B1 
Unity-gain bandwidth 
25°C 
3 
MHz 


r; 
Input resistance 
25°C 
1012 
Q 


CMRR 
Common-mode 
rejection ratio 
VIC = VICRmin, 
VO=O, 
25°C 
70 
100 
dB 
RS=50Q 


kSVR 
Supply voltage rejection ratio 
VCC =±9 
V to±15 
V, 
VO=O 
25°C 
70 
100 
dB 
(6VCC+/6VI0) 
RS=50Q 


ICC 
Supply current 
VO=O, 
No load 
25°C 
1.4 
2.5 
mA 


V011V02 
Crosstalk attenuation 
AVD= 
100 
25°C 
120 
dB 


t All characteristics 
are measured under open-loop conditions with zero common-mode 
voltage unless otherwise specified. Full range for TA is 


-40°C 
to 85°C. 


l Input bias currents of a FET-input operational 
amplifier are normal junction 
reverse currents, which are temperature 
sensitive as shown in 
Figure 5. Pulse techniques 
must be used that will maintain the junction temperature 
as close to the ambient temperature 
as possible. 
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TL070M 
PARAMETER 
I 


TEST CONDITIONS 
TAt 
UNIT 
MIN 
TYP 
MAX 


25°C 
3 
10 
VIO 
Input offset voltage 
VO=O, 
RS = 50 0 
mV 
Full range 
13 


aVIO 
Temperature coefficient of input offset 
VO=O, 
RS = 500 
Full range 
18 
IlV/oC 
voltage 


25°C 
5 
100 
pA 
110 
Input offset current 
VO=O 
Full range 
20 
nA 


Input bias current~ 
25°C 
65 
200 
pA 
liB 
VO=O 
Full range 
50 
nA 


-12 


VICR 
Common-mode 
input voltage range 
25°C 
±11 
to 
V 
15 


RL = 10 kO 
25°C 
±12 
±13.5 


YOM 
Maximum peak output voltage swing 
RL2:10kO 
±12 
V 


RL2:2 
kO 
Full range 


±10 


Large-signal differential voltage 
25°C 
25 
200 
AVO 
VO=±10V, 
RL2:2 
kO 
V/mV 
amplification 
Full range 
15 


B1 
Unity-gain bandwidth 
25°C 
3 
MHz 


r; 
Input resistance 
25°C 
1012 
0 


CMRR 
Common-mode 
rejection ratio 
VIC = VICRmin, 
VO=O, 
25°C 
70 
100 
dB 
RS= 500 


kSVR 
Supply voltage rejection ratio 
VCC = ±9 Vto ±15 V, 
VO=O, 
25°C 
70 
100 
dB 
(t.vCC±/AVIO) 
RS = 50 0 


ICC 
Supply current 
, 
VO=O, 
No load 
25°C 
1.4 
2.5 
mA 


V011V02 
Crosstalk attenuation 
AVO = 100 
25°C 
120 
dB 


t All characteristics 
are measured under open-loop conditions with zero common-mode 
voltage unless otherwise specified. Full range for TA is 
-55°C 
to 125°C. 
~ Input bias currents of a FET-input operational 
amplifier are normal junction 
reverse currents, which are temperature 
sensitive as shown in 
Figure 5. Pulse techniques 
must be used that will maintain the junction temperature 
as close to the ambient temperature 
as possible. 


PARAMETER 
TEST CONDITIONS 
MIN 
TYP 
MAX 
UNIT 


SR 
Slew rate at unity gain 
VI= 
10V, 
RL=2 
kO, 
8 
13 
V/IlS 
CL = 100 pF, 
See Figure 1 


VI =20 
mY, 
RL = 2 kO, 
0.1 
IJ.S 
tr 
Rise time overshoot factor 
CL = 100 pF, 
See Figure 1 
20 
% 


Vn 
If = 1 kHz 
18 
nV/'I'HZ 
Equivaient input noise voltage 
RS= 200 
If = 10 Hz to 10 kHz 
IlV 
4 


In 
Equivalent input noise current 
RS =200, 
f = 1 kHz 
0.01 
pA/'I'HZ 


THO 
Total harmonic distortion 
VO(rms) = 10 V, 
RS'; 
1 kn, 
0.003 
% 
RL2:2 
kn, 
f = 1 kHz 
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FIGURE 


liB 
Input bias current 
vs Free-air temperature 
5 


vs Frequency 
6,7,8 


VOM 
Maximum output voltage 
vs Free-air temperature 
9 
vs Load resistance 
10 
vs Supply voltage 
11 


AVD 
Large-signal differential voltage amplification 
vs Free-air temperature 
12 
vs Frequency 
14 


AVD 
Differential voltage amplification 
vs Frequency 
13 


Phase shift 
vs Frequency 
14 


Normalized unity-gain bandwidth 
vs Free-air temperature 
15 


Normalized phase shift 
vs Free-air temperature 
15 


CMRR 
Common-mode 
rejection ratio 
vs Free-air temperature 
16 


ICC 
Supply current 
vs Supply voltage 
17 
vs Free-air temperature 
18 


PD 
Total power dissipation 
vs Free-air temperature 
19 


Normalized slew rate 
vs Free-air temperature 
20 


Vn 
Equivalent input noise voltage 
vs Frequency 
21 


THD 
Total harmonic distortion 
vs Frequency 
22 


Large-signal 
pulse response 
vs Time 
23 


Va 
Output voltage 
vs Elapsed time 
24 
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INPUT BIAS CURRENT 


VS 
FREE-AIR TEMPERATURE 


: VCC+=+15V 


/ 


/ 
I 
A 


I 
/ 
1/ 


Cl: 
10 
c 
I 
C 
l!!5 
(J., 
••iii;; 
Do 
.5 
0.1 
I~ 


0.01 
-75 
-50 
-25 
0 


MAXIMUM PEAK OUTPUT VOLTAGE 
vs 
FREQUENCY 


> 
I 
8,±12.5 
~~ 
;; 
±10 
Do;;o 
.><i 
±7.5 


E 


'"E 
±5 
;c 
•• 
::l5 
I~us 
:> 


1k 
10k 
100k 
1M 


f - Frequency 
- Hz 


> 
I 
8, 
±12.5 
J! 
~;; 
Do;;o 
.><i 
E 
'"E 
";;; 
•• 
::l5 
I 
::l5 
±2.5 
-? 


> 
I 
8, ±12.5 
~~ 
;; 
±10 
Do;;o 
.>< 
III 
±7.5 
Q. 
E 


'"E 
±5 
";;; 
•• 
::l5 
I 
::l5 
±2.5 
-? 


MAXIMUM PEAK OUTPUT VOLTAGE 
vs 
FREQUENCY 


RL=2 
kn 


TA = 25°C 
See Figure 
2 


10k 
100k 


f - Frequency 
- Hz 


MAXIMUM PEAK OUTPUT VOLTAGE 
vs 
FREQUENCY 


IIIIII 


IIII 
I 
I II 


VCC±=±15 
V 


TA = 25°C 
RL=2 
kn 
I-- 


See Figure 2 
\ 
IIII 


TA = -55°C 


TA = 125°C 
~ 
\ ,~ "- •.... 


40 k 
100 k 
400 k 1 M 


f - Frequency 
- Hz 


t Data at high and low temperatures 
are applicable only within the rated operating free-air temperature 
ranges of the various devices. An 18-pF 
compensation 
capacitor is used. 
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MAXIMUM PEAK OUTPUT VOLTAGE 
vs 
FREE-AIR TEMPERATURE 
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VCC±=±15V 


See IFigUr~2 


MAXIMUM PEAK OUTPUT VOLTAGE 
vs 
LOAD RESISTANCE 
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VCC±=±15V 
TA = 25°C 
- 
See Figure 2 
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MAXIMUM PEAK OUTPUT VOLTAGE 
vs 
SUPPLY VOLTAGE 
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IVCC±I - Supply Voltage - V 
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LARGE-SIGNAL 
DIFFERENTIAL 
VOLTAGE AMPLIFICATION 
VS 
FREE-AIR TEMPERATURE 
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+15 V 
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t Data at high and low temperatures 
are applicable only within the rated operating free-air temperature 
ranges of the various devices. An 18-pF 


compensation 
capacitor is used. 
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I 
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.9 
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See Figure 
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Figure 14 
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Figure 15 
Figure 16 
t Data at high and low temperatures 
are applicable only within the rated operating free-air temperature 
ranges of the various devices. An 18-pF 
compensation 
capacitor is used. 
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• 
Low Power Consumption 
• 
Wide Common-Mode 
and Differential 
Voltage Ranges 


• 
Low Input Bias and Offset Currents 


• 
Output Short-Circuit 
Protection 


• 
Low Total Harmonic Distortion 
0.003% Typ 


• 
Low Noise 
Vn = 18 nV/,JHi Typ at f = 1 kHz 


• 
High Input Impedance ... 
JFET Input Stage 


• 
Internal Frequency Compensation 


• 
Latch-Up-Free 
Operation 


• 
High Slew Rate ... 
13 V/JlS Typ 


• 
Common-Mode 
Input Voltage Range 
Includes Vcc+ 


description 


The JFET-input operational amplifiers in the TL07_ series are designed as low-noise versions of the TL08_ 
series amplifiers with low input bias and offset currents and fast slew rate. The low harmonic distortion and low 
noise make the TL07_ series ideally suited for high-fidelity and audio preamplifier applications. Each amplifier 
features JFET inputs (for high input impedance) coupled with bipolar output stages integrated on a single 
monolithic chip. 


The C-suffix devices are characterized for operation from O°Cto 70°C. The I-suffix devices are characterized 
for operation from -40°C to 85°C. The M-suffix devices are characterized for operation over the full military 
temperature range of -55°C to 125°C. 


PACKAGE 


TA 
Vlomax 
SMALL 
CHIP 
CERAMIC 
CERAMIC 
PLASTIC 
PLASTIC 
TSSOP 
FLAT 
AT 25°C 
OUTLINE 
CARRIER 
DIP 
DIP 
DIP 
DIP 
PACKAGE 
PACKAGE 
(D)t 
(FK) 
(J) 
(JG) 
(N) 
(P) 
(PW) 
(W) 


10mV 
TL071CD 
TL071CP 
TL071CPWLE 
6mV 
TL071ACD 
- 
- 
- 
- 
TL071ACP 
- 
- 
3mV 
TL071 BCD 
TL071BCP 
- 


O°C to 
10mV 
TL072CD 
TL072CP 
TL072CPWLE 


70°C 
6mV 
TL072ACD 
- 
- 
- 
- 
TL072ACP 
- 
- 
3mV 
TL072BCD 
TL072BCP 
- 


10mV 
TL074CD 
TL074CN 
TL074CPWLE 
6mV 
TL074ACD 
- 
- 
- 
TL074ACN 
- 
- 
- 
3mV 
TL074BCD 
TL074BCN 
- 


-40°C 
to 
TL0711D 
- 
TL0711P 


85°C 
6mV 
TL0721D 
- 
- 
- 
- 
TL0721P 
- 
- 
TL0741D 
TL0741N 
- 


-55°C 
to 
6mV 
TL071MFK 
- 
TL071MJG 
- 
- 
- 


125°C 
6mV 
- 
TL072MFK 
- 
TL072MJG 
- 
TL072MP 
- 
- 
9mV 
TL074MFK 
TL074MJ 
- 
TL074MN 
- 
TL074MW 


t The D package is available taped and reeled. Add the suffix R to the device type (e.g .•TL071 CDR). The PW package is only available left-ended 
taped and reeled (e.g., TL072CPWLE). 


~TEXAS 
INSTRUMENTS 


TL071, TL071 A, TL071B, TL072 
TL072A,TL072B, 
TL074, TL074A, TL074B 
LOW·NOISE JFET·INPUT OPERATIONAL AMPLIFIERS 
SLOS080D 
- SEPTEMBER 
1978 - REVISED 
AUGUST 
1996 


TL071,TL071A,TL071B 
0, JG, P, OR PW PACKAGE 
(TOP VIEW) 


OFFSET N1 []8 
NC 
IN- 
2 
7 
VCC+ 


IN+ 
3 
6 
OUT 


VCC - 
4 
5 
OFFSET N2 


TL071 
FKPACKAGE 
(TOP VIEW) 


Z 
Iii 
(JJ 
LL. 
OLL.OOO 
zOzzz 


3 
2 
1 2019 
4 
18 
5 
17 
6 
16 
7 
15 
8 
14 
9 1011 1213 


NC 


VCC+ 
NC 
OUT 
NC 


o 
IONO 
zozzz 
o 
I-- 
> 
UJ 
(JJ 
LL. 
LL.o 


TL072,TL072A,TL072B 
0, JG, P, OR PW PACKAGE 
(TOP VIEW) 


10UT[]8 
VCC+ 
11N- 
2 
7 
20UT 
11N+ 
3 
6 
21N- 


VCC- 
4 
5 
21N+ 


TL072 
FKPACKAGE 
(TOP VIEW) 


I-- 
+ 
06080 
z~z>z 


NC 
11N- 
NC 
11N+ 
NC 


3 
2 
1 2019 
4 
18 
5 
17 
6 
16 
7 
15 


B 
14 
9 10 11 1213 


TL074, TL074A,TL074B 
0, J, N, OR PW PACKAGE 
TL074 ... 
W PACKAGE 
(TOP VIEW) 


lOUT 
1 U 14 
40UT 
11N- 
2 
13 
41N- 
11N+ 
3 
12 
41N+ 


VCC+ 
4 
11 
VCC- 
21N+ 
5 
10 
31N+ 
21N- 
6 
9 
31N- 
20UT 
7 
8 
30UT 


TL074 
FKPACKAGE 
(TOP VIEW) 
l!:i 
!:iI 
~9~~~ 


NC 
11N+ 
3 
2 
1 2019 
41N+ 
4 
18 
20UT 
NC 
5 
17 
NC 
NC 
VCC+ 
6 
16 
VCC- 
21N- 
NC 
7 
15 
NC 
NC 
21N+ 
8 
14 
31N+ 
91011 
1213 


TL072 (each amplifier) 
TL074 (each amplifier) 
:::=t>- 0", 


~TEXAS 
INSTRUMENTS 


TL071, TL071A,TL07tB, 
TL072 
TL072A, TL072B, TL074, TL074A, TL074B 
LOW-NOISE 
JFET-INPUT 
OPERATIONAL 
AMPLIFIERS 
SLOS080D 
- SEPTEMBER 
1978 - REVISED 
AUGUST 
1996 


I- 
I 
I 


I 
OFFSET 
NULL 
(N1)'--------V 


TL071 Only 


All component 
values shown are nominal. 


I 


OFFSET 
NULL 
(N2) 
/ 


COMPONENT 
COUNn 


COMPONENT 
TL071 
TL072 
TL074 
TYPE 


Resistors 
11 
22 
44 
Transistors 
14 
28 
56 
JFET 
2 
4 
6 
Diodes 
1 
2 
4 
Capacitors 
1 
2 
4 
epi-FET 
1 
2 
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absolute 
maximum 
ratings over operating 
free-air temperature 
range (unless otherwise 
noted)t 


Supply voltage, Vcc+ (see Note 1) 
18 V 
Supply voltage, Vcc- 
(see Note 1) 
-18 V 
Differential input voltage, VID (see Note 2) 
±30 V 
Input voltage, VI (see Notes 1 and 3) 
±15 V 
Duration of output short circuit (see Note 4) 
unlimited 
Continuous total power dissipation 
See Dissipation Rating Table 
Operating free-air temperature range, TA C suffix 
O°Cto 70°C 
I suffix 
-40°C to 85°C 
M suffix 
-55°C to 125°C 
Storage temperature range 
-65°C to 150°C 
Case temperature for 60 seconds: FK package 
260°C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: J, JG, or W package 
300°C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: D, N, P,or PW package 
260°C 


t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions 
beyond those indicated under "recommended 
operating conditions" 
is not 
implied. Exposure to absolute-maxi mum-rated conditions for extended periods may affect device reliability. 


NOTES: 
1. 
All voltage values, except differential voltages, are with respect to the midpoint between VCC+ and VCC-· 


2. 
Differential voltages are at IN+ with respect to IN-. 
3. 
The magnitude of the input voltage must never exceed the magnitude of the supply voltage or 15 V, whichever is less. 
4. 
The output may be shorted to ground or to either supply. Temperature and/or supply voltages must be limited to ensure that the 
dissipation rating is not exceeded. 


PACKAGE 
TA" 
25°C 
DERATING 
DERATE 
TA=70°C 
TA = 85°C 
TA = 125°C 
POWER RATING 
FACTOR 
ABOVETA 
POWER RATING 
POWER RATING 
POWER RATING 


D (8 pin) 
680mW 
5.8mW/oC 
33°C 
465mW 
378mW 
N/A 


D (14pin) 
680mW 
7.6mW/oC 
60°C 
604mW 
490mW 
N/A 


FK 
680mW 
11.0mW/oC 
88°C 
680mW 
680mW 
273mW 


J 
680mW 
11.0mW/oC 
88°C 
680mW 
680mW 
273mW 


JG 
680mW 
8.4 mW/oC 
69°C 
672mW 
546mW 
210mW 


N 
680mW 
9.2 mW/oC 
76°C 
680mW 
597 mW 
N/A 


P 
680mW 
8.0mW/oC 
65°C 
640mW 
520mW 
N/A 


PW (8 pin) 
525mW 
4.2 mW/oC 
70°C 
525mW 
N/A 
N/A 


PW (14 pin) 
700mW 
5.6mW/oC 
70°C 
700mW 
N/A 
N/A 


W 
680mW 
8.0mW/oC 
65°C 
640mW 
520mW 
200mW 
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TEST CONDITIONSt 
TA* 
TL072C 
TL072AC 
TL072BC 
TL0721 
PARAMETER 
TL074C 
TL074AC 
TL074BC 
TL0741 
UNIT 


MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


25°C 
3 
10 
3 
6 
2 
3 
3 
6 
VIO 
Input offset voltage 
VO=O, 
RS =50 Q 
mV 
Full range 
13 
7.5 
5 
8 


Temperature 


aVIO 
coefficient of input 
VO=O, 
RS= 50Q 
Full range 
18 
18 
18 
18 
~VjOC 


offset voltage 


25°C 
5 
100 
5 
100 
5 
100 
5 
100 
pA 
110 
Input offset current 
VO=O 
Full range 
10 
2 
2 
2 
nA 


Input bias current§ 
25°C 
65 
200 
65 
200 
65 
200 
65 
200 
pA 
lIB 
VO=O 
Full range 
7 
7 
7 
20 
nA 


Common-mode 
-12 
-12 
-12 
-12 


VICR 
25°C 
±11 
to 
±11 
to 
±11 
to 
±11 
to 
V 
input voltage range 
15 
15 
15 
15 


Maximum peak 
RL=10kQ 
25°C 
±12 
±13.5 
±12 
±13.5 
±12 
±13.5 
±12 
±13.5 


VOM 
output voltage 
RL ~ 10 kQ 
±12 
±12 
±12 
±12 
V 
swing 
RL ~ 2 kQ 
Full range 
±10 
±10 
±10 
±10 


Large-signal 
25°C 
25 
200 
50 
200 
50 
200 
50 
200 
AVD 
differential voltage 
Vo = ±10 V. 
RL ~2 kQ 
V/mV 
amplification 
Full range 
15 
25 
25 
25 


B1 
Unity-gain 
25°C 
3 
3 
3 
3 
MHz 
bandwidth 


r; 
Input resistance 
25°C 
1012 
1012 
1012 
1012 
Q 


CMRR 
Common-mode 
VIC = VICRmin, 
25°C 
100 
75 
100 
dB 
rejection ratio 
VO=O. 
RS =50Q 
70 
100 
75 
100 
75 


Supply-voltage 
VCC =±9 
V to±15 
V. 


kSVR 
rejection ratio 
25°C 
70 
100 
80 
100 
80 
100 
80 
100 
dB 
(dVCC±/dVIO) 
VO=O. 
RS = 50Q 


ICC 
Supply current 
VO=O. 
No load 
25°C 
1.4 
2.5 
1.4 
2.5 
1.4 
2.5 
1.4 
2.5 
mA 
(each amplifier) 


V011V02 
Crosstalk 
AVD= 
100 
25°C 
120 
120 
120 
120 
dB 
attenuation 
t All characteristics 
are measured under open-loop conditions with zero common-mode 
voltage unless otherwise specified. 


:I: Full range is TA = DoCto 70°C for TL07 _C,TL07 _AC. TL07 _BC and is TA = -40°C 
to 85°C for TL07J 
§ Input bias currents of a FET-input operational amplifier are normal junction reverse currents, which are temperature 
sensitive as shown in Figure 4. Pulse techniques 
must be used 
that maintain the junction temperature as close to the ambient temperature as possible. 
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TL071M 
TL074M 
PARAMETER 
TEST CONDITIONSt 
TA* 
TL072M 
UNIT 


MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


25°C 
3 
6 
3 
9 
Via 
Input offset voltage 
VO=O, 
RS = 50 Q 
mV 
Full range 
9 
15 


lXVIO 
Temperature coefficient of 
VO=O, 
RS=50Q 
Full range 
18 
18 
/lVrC 
input offset voltage 


25°C 
5 
100 
5 
100 
pA 
110 
Input offset current 
VO=O 
Full range 
20 
20 
nA 


Input bias currentl 
25°C 
65 
200 
65 
200 
pA 
liB 
VO=O 
50 
50 
nA 


Common-mode 
input 
-12 
-12 


VICR 
25°C 
±11 
to 
±11 
to 
V 
voltage range 
15 
15 


RL=10kQ 
25°C 
±12 
±13.5 
±12 
±13.5 


YOM 
Maximum peak output 
RL2:10kQ 
±12 
±12 
V 
voltage swing 
Full range 
RL2:2 
kQ 
±10 
±10 


Large-signal 
differential 
25°C 
35 
200 
35 
200 
AVO 
VO=±10V, 
RL2:2 
kQ 
V/mV 
voltage amplification 
15 
15 


Bl 
Unity-gain bandwidth 
TA = 25°C 
3 
3 
MHz 


ri 
Input resistance 
TA = 25°C 
1012 
1012 
Q 


CMRR 
Common-mode 
rejection 
VIC = VICRmin, 
25°C 
80 
86 
80 
86 
dB 
ratio 
VO=O, 
RS =50Q 


kSVR 
Supply-voltage 
rejection 
VCC =±9 
V to±15 
V, 
25°C 
80 
86 
80 
86 
dB 
ratio (6VCC±lt,vIO) 
VO=O, 
RS = 50Q 


ICC 
Supply current (each 
VO=O, 
No load 
25°C 
1.4 
2.5 
1.4 
2.5 
mA 
amplifier) 


V011V02 
Crosstalk attenuation 
AVD = 100 
25°C 
120 
120 
dB 
t Input bias currents of a FET-input operational 
amplifier are normal junction 
reverse currents, which are temperature 
sensitive as shown in 
Figure 4. Pulse techniques 
must be used that will maintain the junction temperature 
as close to the ambient temperature 
as possible. 
l All characteristics 
are measured 
under open-loop 
conditions 
with zero common-mode 
voltage 
unless otherwise 
specified. 
Full range is 
TA = -55°C 
to 125°C. 
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TL07xM 
ALL OTHERS 
PARAMETER 
TEST CONDITIONS 
UNIT 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


SR 
Slew rate at unity gain 
VJ= 10V, 
RL = 2 kn, 
5 
13 
8 
13 
V/Jls 
CL = 100 pF, 
See Figure 1 


Rise time overshoot 
VI =20 
mV, 
RL = 2 kil, 
0.1 
0.1 
Jls 
tr 
factor 
CL = 100 pF, 
See Figure 1 
20% 
20% 


Equivalent input noise 
If = 1 kHz 
18 
18 
nV/{Hz 
Vn 
voltage 
RS =200 
If = 10 Hz to 10 kHz 
4 
4 
JlV 


In 
Equivalent input noise 
RS =200, 
f= 
1 kHz 
0.01 
0.01 
pA/{Hz 
current 


Total harmonic 
Vlrms=6 
V, 
AVD= 
1, 


THD 
distortion 
RL,,2 
kn, 
RS"; 1 kil, 
0.003% 
0.003% 


f = 1 kHz 
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FIGURE 


liS 
Input bias current 
vs Free-air temperature 
4 


vs Frequency 
5,6,7 


VOM 
Maximum output voltage 
vs Free-air temperature 
8 
vs Load resistance 
9 
vs Supply voltage 
10 


AVO 
Large-signal differential voltage amplification 
vs Free-air temperature 
11 
vs Frequency 
12 


Phase shift 
vs Frequency 
12 


Normalized unity-gain bandwidth 
vs Free-air temperature 
13 


Normalized phase shift 
vs Free-air temperature 
13 


CMRR 
Common-mode 
rejection ratio 
vs Free-air temperature 
14 


ICC 
Supply current 
vs Supply voltage 
15 
vs Free-air temperature 
16 


Po 
Total power dissipation 
vs Free-air temperature 
17 


Normalized slew rate 
vs Free-air temperature 
18 


Vn 
Equivalent input noise voltage 
vs Frequency 
19 


THO 
Total harmonic distortion 
vs Frequency 
20 


Large-signal 
pulse response 
vs Time 
21 


Vo 
Output voltage 
vs Elapsed time 
22 
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INPUT 
BIAS 
CURRENT 
vs 
FREE-AIR 
TEMPERATURE 


VCC+=+15V 


// 


/ 


// 


~ 
10 
I 
C 
l!!5 
(J 
~ 
jjj 
:; 
~I 
0.1 
~ 


0.01 
-75 
-50 
-25 
0 
25 
50 
75 
100 
125 


TA - Free-Air 
Temperature 
- °C 
Figure 4 


MAXIMUM 
PEAK 
OUTPUT 
VOLTAGE 
vs 
FREQUENCY 


> 
I 
8, ±12.5 
J!!;g 


:; 
±10 
Q.:;o 
'"'" 
±7.5 
If 
E" 
E 
±5 
';( 
'":;; 
I 
:;; ±2.5 
oJ' 


> 
I8, ±12.5 


'"~ 
:; 
±10 
Q.:;o 
'"~ 
±7.5 


E 
"E 
±5 
';( 
'":;; 
I 
:;; ±2.5 
oJ' 


MAXIMUM 
PEAK 
OUTPUT 
VOLTAGE 


VS 


FREQUENCY 


1k 
10k 
100k 
1M 


f - Frequency 
- Hz 


1k 
10k 
100k 
1M 


f - Frequency 
- Hz 


Figure 6 


MAXIMUM 
PEAK 
OUTPUT 
VOLTAGE 
vs 
FREQUENCY 
mm 


I 
I TTTTT 
VCC±=±15V 
- 
TA = 25°C 
RL=2 
kn 


See Figure 2 
\' 


TA =-55°C 


TA = 125°C 
~ 
\ 
r'\. 
~ 
~ 


40k 
100k 
400k 
1 M 


f - Frequency 
- Hz 


~TEXAS 
INSTRUMENTS 


TL071, TL071 A, TL071B, 
TL072 
TL072A,TL072B, 
TL074,TL074A,TL074B 
LOW·NOISE JFET·INPUT OPERATIONAL AMPLIFIERS 
SLOS080D 
- SEPTEMBER 
1978 - REVISED 
AUGUST 
1996 


> 
I 
& ±12.5 
S;g 


'5 
±10 
s- 
::lo..• 
~ 
E::l 
E 
';( 
IV:;: 
I 
:;: 
~ 


> 
I 
& ±12.5 
S;g 


'5 
±10 
c. 
'5o 
-= 
±7.5 
~ 
E::l 
E 
±5 
.~ 
:;: 
I 
:;: ±2.5 
~ 


MAXIMUM PEAK OUTPUT VOLTAGE 
vs 
FREE-AIR TEMPERATURE 


R~=10kn 


I 
I 
.- 
RL= 2 kQ 
r--- 


VCC±=±15V 


Se~ Figur~ 2 


±15 
> 
I 
•• 
±12.5 
Dl 
IV 
~- 
±10 
::lc. 
'50..• 


±7.5 
IV 
•• 
0. 
E 
::l 
E 
±5 
';( 
IV:;: 
I 
:;: 
±2.5 
~ 


1000 


400 
]1> 
200 
'E E 
~ > 
~I 
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.- 
e 
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e fl 
40 
cW~ 
cb 
c. 
20 
Dl E 
~ 
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10 
I 
IV 
o~ 
>~ 
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MAXIMUM PEAK OUTPUT VOLTAGE 
vs 
LOAD RESISTANCE 


VCC±=±15V 


TA = 25°C 
- 
See Figure 2 
,,/' 


/'/ 
/II 
il 


MAXIMUM PEAK OUTPUT VOLTAGE 
vs 
SUPPLY VOLTAGE 


RL=10kQ 
/ 
TA = 25°C 
/ 
/ 
/ 
/ 
/ 


LARGE-SIGNAL 
DIFFERENTIAL VOLTAGE AMPLIFICATION 
vs 
FREE-AIR TEMPERATURE 


--r-t-... 


VCC±=±15V 
VO=±10V 
RL= 2 kQ 
I 
I 
1 
-75 
-50 
-25 
0 
25 
50 
75 
100 
125 


TA - Free-Air Temperature - °C 


2 
4 
6 
8 
10 
12 
14 
16 


IVCC±I- 
Supply Voltage - V 


Figure 10 
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TYPICAL 
CHARACTERISTICSt 


LARGE·SIGNAL 
DIFFERENTIAL VOLTAGE AMPLIFICATION 
AND PHASE SHIFT 
vs 
FREQUENCY 


104 
0° 
4:: 
:E 
VI 
Gl 
103 
45° 


1/1 
'"J::c. 


102 
90° 


101 
135° 


1 
180° 


1 
10 
100 
1 k 
10 k 
100 k 
1 M 
10 M 
f - Frequency 
- Hz 


Figure 12 


NORMALIZED UNITY-GAIN BANDWIDTH 
AND PHASE SHIFT 
vs 
FREE-AIR TEMPERATURE 
1.3 
1.03 


1.2 
1.02 


4:: 
:E 
1.1 
1.01 
VI 
Gl 
1/1 
'"J:: 
C. 
'tl 
Gl 
.!:! 
iO 
E 
0.9 
0.99 
~z 


0.8 
VCC±=±15V 
0.98 
RL=2 
kQ 
f = 61 for Phase Shift 


0.7 
0.97 
-75 
-50 
-25 
0 
25 
50 
75 
100 
125 
TA - Free-Air Temperature 
- °C 


Figure 13 
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COMMON-MODE 
REJECTION RATIO 
vs 
FREE-AIR TEMPERATURE 


lD 
89 
VCC'± = ±1'5 V 
"tl 
I 
RL=10kQ 
~ 
88 
II: 
l:oU 
87 
••'co 
II: 
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E 
~ 
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0.8 
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Co 
0.6 
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Ul 
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0.4 
+1 
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83 
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TA - Free-Air Temperature - °C 


SUPPLY CURRENT PER AMPLIFIER 
vs 
FREE-AIR TEMPERATURE 


VCC±=±15V 
No Signal- 
No Load 
..•..I'-.... 


"'- 
I'-.... r-- 
r--...... r-- 


o 
-75 
-50 
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25 
50 
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125 


TA - Free-Air Temperature - °c 
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~ 
::Jc;, 
0.8 
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~ 
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() 
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250 


3= 
225 


E 
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l: 
~ 
175 
•• 
Co 
'0 
150 
III 
C 
~ 
125 


0 
l1. 
100 
]i 
{!. 
75 


Ic 
50 
l1. 


25 


0 
-75 


SUPPLY CURRENT PER AMPLIFIER 
vs 
SUPPLY VOLTAGE 


I 
I 
TA = 25°C 
No Signal 
No Load 


2 
4 
6 
8 
10 
12 
14 
16 


IVCC±I - Supply Voltage - V 


TOTAL POWER DISSIPATION 
vs 
FREE-AIR TEMPERATURE 


-50 
-25 
0 
25 
50 
75 
100 
125 


TA - Free-Air ]"emperature - °c 


t Data at high and low temperatures 
are applicable only within the rated operating free-air temperature 
ranges of the various devices. 
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NORMALIZED 
SLEW RATE 
vs 
FREE·AIR TEMPERATURE 
1.15 


'" 
1.10 


.;<. 
> 
I 
~ 
1.05 
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II> 
en 
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TOTAL HARMONIC DISTORTION 
vs 
FREQUENCY 
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EQUIVALENT INPUT NOISE VOLTAGE 
vs 
FREQUENCY 
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OUTPUT VOLTAGE 
vs 
ELAPSED TIME 


VCC±=±15V 
RL= 2 kn 
TA=25°C 
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APPLICATION 
DIAGRAM 
PART 
FIGURE 
NUMBER 


O.5-Hz square-wave 
oscillator 
TL071 
23 


High-Q notch filter 
TL071 
24 


Audio-distribution 
amplifier 
TL074 
25 


100-kHz quadrature 
oscillator 
TL072 
26 


AC amplifier 
TL071 
27 


CF = 3.3 ~F I 
-=- 


f = 
1 
CF 
2•• RF 


Rl = R2 = 2R3 = 1.5 
MO 


C3 
Cl = C2 = 2" = 110 
pF 


_ 
1 
fa - 
2.. 
Rl 
Cl 
= 
1 kHz 


VCC- 
Output 
B 


100 kQ 
100 kQ 


100 kQ 
VCC+ 


100 ~F I 


100 kQ 


Output 
C 
-=- 
-=- 
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1N4148 
18 kil (see Note A) 
6 sin OJt 
-15 
V 


18 pF 


18 pF 
1 kil 


88.4 kil 
VCC+ 


88.4 kil 
6 cos OJt 


18 pF 
1 kil 


-=- 


15 V 


1N4148 
18 kil (see Note A) 


O.1JlFI 
10 kfl 
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• 
Low Power Consumption 
• 
Wide Common-Mode 
and Differential 
Voltage Ranges 


• 
Low Input Bias and Offset Currents 


• 
Output Short-Circuit 
Protection 


• 
Low Total Harmonic Distortion 
0.003% Typ 


• 
Low Noise 
Vn = 18 nVl..JHi Typ at f = 1 kHz 


• 
High Input Impedance ... 
JFET Input Stage 


• 
Internal Frequency Compensation 


• 
Latch-Up-Free 
Operation 
• 
High Slew Rate ... 
13 ViliS Typ 


• 
Common-Mode 
Input Voltage Range 
Includes Vcc + 


description 


The TL074x2 
JFET-input 
operational 
amplifier 
is 
designed 
as a lower-noise 
version 
of the TL084x2 
amplifier 
with 
low input 
bias and offset 
currents 
and fast 
slew 
rate. The 
low harmonic 
distortion 
and low noise make the TL074x2 
ideally suited for 
high-fidelity 
and audio-preamplifier 
applications. 
Each amplifier 
features 
JFET inputs (for high input 
impedance) 
coupled 
with 
bipolar 
output 
stages 
integrated 
on a single 
monolithic 
chip. 


The TL074x2 
is characterized 
for operation 
from 
O°C to 70°C. 


TL074x2 
JFET·INPUT 
OCTAL OPERATIONAL 
AMPLIFIER 
SLOS135-APRIL 
1994 


DB PACKAGE 
(TOP VIEW) 


10UT 
CD 
30 
80UT 


11N- 
2 
29 
81N- 


11N+ 
3 
28 
81N+ 


WCC+ 
4 
27 
Wce- 


21N+ 
5 
26 
71N+ 


21N- 
6 
25 
71N- 


20UT 
7 
24 
70UT 


NC 
8 
23 
NC 


30UT 
9 
22 
60UT 


31N- 
10 
21 
61N- 


31N+ 
11 
20 
61N+ 


2Vcc+ 
12 
19 
2Vcc_ 


41N+ 
13 
18 
51N+ 


41N- 
14 
17 
51N- 


40UT 
15 
16 
50UT 


NC - No internal connection 


symbol 
(each 
amplifier) 
::: 
[>---- OUT 


PACKAGE 


TA 
Vlomax 
AT 25°C 
SMALL 
OUTLINE 
(DB)t 


O°C to 70°C 
10mV 
TL074x2DBLE 


PRODUCTION 
DATA Information 
Is current 
•• 
of pubticltion 
dIte. 


Produetl 
contonn 
to .peciflcatIon. per the lennI of Teus Instruments 


standlrd 
Wlrranty. Production processing 
does not nece'IIr11y 
include 
teltlng of ,II parameters. 
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COMPONENT 
COUNTt 


Resistors 
88 
Transistors 
112 
JFET 
20 
Diodes 
12 
Capacitors 
8 
t Includes bias and trim circuitry 
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absolute 
maximum 
ratings over operating 
free-air temperature 
range (unless 
otherwise 
noted)t 


Supply 
voltage, 
Vcc+ 
(see Note 1) 
18 V 
Supply 
voltage, 
Vcc- 
(see Note 1) 
-18 
V 
Differential 
input voltage, 
VIO (see Note 2) 
±3D V 
Input voltage 
range, VI (see Notes 
1 and 3) 
±15 V 
Duration 
of output 
short circuit 
(see Note 4) 
unlimited 
Continuous 
total dissipation 
See Dissipation 
Rating Table 
Operating 
free-air 
temperature 
range, TA 
DOC to 7DoC 
Storage 
temperature 
range 
-65°C 
to 15DoC 
Lead temperature 
1,6 mm (1/16 inch) from case for 1D seconds 
26DoC 


t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these conditions is not implied. Exposure to absolute-maximum-rated 
conditions for extended periods may 
affect device reliability. 
NOTES: 
1. 
All voltage values, except differential voltages, are with respect to the midpoint between VCC+ and VCC-. 


2. 
Differential voltages are at IN+ with respect to IN-. 
3. 
The magnitude of the input voltage must never exceed the magnitude of the supply voltage or 15 V, whichever 
is less. 
4. 
The output can be shorted to ground or to either supply. Temperature and/or supply voltages must be limited to ensure that the 
dissipation rating is not exceeded. 


DISSIPATION RATING TABLE 


TA S 25°C 
DERATING FACTOR 
TA = 70°C 
POWER RATING 
ABOVE TA = 25°C 
POWER RATING 


1024 mW 
8.2 mW/oC 
655 mW 
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PARAMETER 
TEST CONDITIONSt 
TA* 
MIN 
TYP 
MAX 
UNIT 


25°C 
3 
10 
VIO 
Input offset voltage 
VO=Q, 
RS=50n 
mV 
Full range 
13 


aVIO 
Temperature coefficient of input offset 
VO=O, 
RS= 50n 
Full range 
18 
IlVloC 
voltage 


25°C 
5 
100 
pA 
110 
Input offset current 
VO=O 
Full range 
10 
nA 


Input bias current§ 
25°C 
65 
200 
pA 
liB 
VO=O 
Full range 
7 
nA 


-12 


VICR 
Common-mode 
input voltage range 
25°C 
±11 
to 
V 
15 


RL= 
10kn 
25°C 
±12 
±13.5 


YOM 
Maximum peak output voltage swing 
RL ~ 10 kn 
±12 
V 


RL ~2 kn 
Full range 
±10 


Large-signal 
differential voltage 
25°C 
25 
200 
AVO 
VO=±10V, 
RL~2 
kn 
V/mV 
amplification 
Full range 
15 


B1 
Unity-gain bandwidth 
25°C 
3 
MHz 


r; 
Input resistance 
25°C 
1012 
n 


CMRR 
Common-mode 
rejection ratio 
VIC = VICRmin, 
VO=O, 
25°C 
70 
100 
dB 
RS=50n 


kSVR 
Supply-voltage 
rejection ratio 
VCC =±9 
Vto±15 
V, 
VO=O, 
25°C 
70 
100 
dB 
(~VCC±/~VIO) 
RS=50n 


ICC 
Supply current (each amplifier) 
VO=O, 
No load 
25°C 
1.4 
2.5 
mA 


V011V02 
Crosstalk attenuation 
AVO = 100 
25°C 
120 
dB 


t All characteristics 
are measured under open-loop conditions with zero common-mode 
voltage unless otherwise specified. 


:I: Full range is TA = O°C to 70°C. 
§ Input bias currents of a FET-input operational 
amplifier are normal junction 
reverse currents, which are temperature 
sensitive as shown in 
Figure 2. Pulse techniques 
must be used that will maintain the junction temperature 
as close to the ambient temperature 
as possible. 


PARAMETER 
TEST CONDITIONS 
MIN 
TYP 
MAX 
UNIT 


SR 
Slew rate at unity gain 
VI= 
10V, 
RL = 2 kQ, 


8 
13 
V/IlS 
CL = 100 pF, 
See Figure 1 


VI =20mV, 
RL=2 
kn, 
0.1 
Ils 
tr 
Overshoot factor rise time 
CL = 100 pF, 
See Figure 1 
20% 


If = 1 kHz 
18 
nV/v'RZ 
Vn 
Equivalent input noise voltage 
RS=20n 
If = 10 Hz to 10 kHz 
4 
IlV 


In 
Equivalent input noise current 
RS=20 
n, 
f = 1 kHz 
0.01 
pAlv'RZ 


THO 
Total harmonic distortion 
Vorms= 
10V, 
RS ~ 1 kQ, 


0.003% 
RL ~ 2 kQ, 
f= 1 kHz 
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FIGURE 


liB 
Input bias current 
vs Free-air temperature 
2 


vs Frequency 
3,4,5 


VOM 
Maximum peak output voltage 
vs Free-air temperature 
6 
vs Load resistance 
7 
vs Supply voltage 
8 


AVO 
Large-signal differential voltage amplification 
vs Free-air temperature 
9 
vs Frequency 
10 


Normalized unity-gain bandwidth 
vs Free-air temperature 
11 


CMRR 
Common-mode 
rejection ratio 
vs Free-air temperature 
12 


ICC 
Supply current 
vs Supply voltage 
13 
vs Free-air temperature 
14 


Po 
Total power dissipation 
vs Free-air temperature 
15 


Normalized slew rate 
vs Free-air temperature 
16 


Vn 
Equivalent input noise voltage 
vs Frequency 
17 


THO 
Total harmonic distortion 
vs Frequency 
18 


Pulse response 
Large signal 
19 


Vo 
Output voltage 
vs Time 
20 


Normalized phase shift 
vs Free-air temperature 
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• 
Low Power Consumption 
• 
Wide Common-Mode 
and Differential 
Voltage Ranges 


• 
Low Input Bias and Offset Currents 


• 
Output Short-Circuit 
Protection 


• 
Low Total Harmonic 
Distortion 
... 
0.003% Typ 


• 
High Input Impedance ... 
JFET-Input Stage 


• 
Latch-Up-Free 
Operation 


• 
High Slew Rate ... 
13 VlJls Typ 
• 
Common-Mode 
Input Voltage Range 
Includes Vcc+ 


description 


The TL08x JFET-input operational amplifier family is designed to offer a wider selection than any previously 
developed 
operational 
amplifier family. Each of these JFET-input 
operational 
amplifiers 
incorporates 
well-matched, high-voltage JFET and bipolar transistors in a monolithic integrated circuit. The devices feature 
high slew rates, low input bias and offset currents, and low offset voltage temperature coefficient. Offset 
adjustment and external compensation options are available within the TL08x family. 


The C-suffix devices are characterized for operation from O°Cto 70°C. The I-suffix devices are characterized 
for operation from -40°C to 85°C. The M-suffix devices are characterized for operation over the full military 
temperature range of -55°C to 125°C. 
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TL084 (EACH AMPLIFIER) 
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standard 
warranty. 
Production 
processing 
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PACKAGED DEVICES 
CHIP 


TA 
VIOmax 
SMALL 
SMALL 
CHIP 
CERAMIC 
CERAMIC 
PLASTIC 
PLASTIC 
TSSOP 
FLAT 
FLAT 
FORM 
AT 25°C 
OUTLINE 
OUTLINE 
CARRIER 
DIP 
DIP 
DIP 
DIP 
PACK 
PACK 
(Y) 
(0008) 
(0014) 
(FK) 
(J) 
(JG) 
(N) 
(P) 
(PW) 
(U) 
(W) 


15mV 
TLOB1CD 
TLOB1CP 
TLOB1CPW 
6mV 
TLOB1ACD 
- 
- 
- 
- 
- 
TLOB1ACP 
- 
- 
- 


3mV 
TLOB1BCD 
TLOB1BCP 


O°C 
15mV 
TLOB2CD 
TLOB2CP 
TLOB2CPW 
TLOB2Y 
to 
6mV 
TLOB2ACD 
- 
- 
- 
- 
- 
TLOB2ACP 
- 
- 
70°C 
3mV 
TLOB2BCD 
TLOB2BCP 


15mV 
TLOB4CD 
TLOB4CN 
TLOB4CPW 
TLOB4Y 
6mV 
- 
TLOB4ACD 
- 
- 
- 
TLOB4ACN 
- 
- 
- 
3mV 
TL084BCD 
TL084BCN 


-40°C 
6mV 
TLOB11D 
TL0811P 
to 
6mV 
TL0821D 
- 
- 
- 
TL0821P 
- 
- 
- 
- 
85°C 
6mV 
TL0841D 
TL0841D 
TL0841N 


-55°C 
6mV 
TL081MFK 
TL081MJG 
TL081MU 
to 
6mV 
- 
- 
TL082MFK 
TL082MJG 
- 
- 
- 
TL082MU 
- 
125°C 
9mV 
TLOB4MFK 
TL084MJ 
TL084MW 


TL081, TL081A,TL081B, 
TL082,TL082A,TL082B 
TL082Y, TL084, TL084A, TL084B, TL084Y 
JFET·INPUT 
OPERATIONAL 
AMPLIFIERS 
SLOS081D 
- FEBRUARY 
1977 - REVISED 
FEBRUARY 
1997 


I- 
I 
I 


I 


OFFSETNl 


---I 


108011 
I 
I 


I 
OFFSETN2 


~TEXAS 
INSTRUMENTS 


TL081, TL081A,TL0818,TL082,TL082A, 
TL0828 
TL082~ TL084, TL084A, TL0848,TL084Y 
JFET·INPUT OPERATIONAL 
AMPLIFIERS 
SLOS081D- 
FEBRUARY 
1977 - REVISED 
FEBRUARY 
1997 


TL082V 
chip information 


These 
chips, when properly 
assembled, 
display 
characteristics 
similar to the TL082. 
Thermal 
compression 
or 
ultrasonic 
bonding 
may be used on the doped-aluminum 
bonding 
pads. Chips may be mounted 
with conductive 
epoxy or a gold-silicon 
preform. 


~ 
~ 
~ 


1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1' 


11N+ 
(3) 


(2) 
10UT 
11N- 


21N+ 
20UT 
(6) 
21N- 


CHIP THICKNESS: 
15 TYPICAL 


BONDING 
PADS: 4 x 4 MINIMUM 


TJmax = 150°C 


TOLERANCES 
ARE ±10%. 


ALL DIMENSIONS 
ARE IN MILS. 


PIN (4) IS INTERNALLY 
CONNECTED 
TO BACKSIDE 
OF CHIP. 
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TL081, TL081A,TL081B,TL082,TL082A,TL082B 
TL082~TL084,TL084A,TL084B, 
TL084Y 
JFET·INPUT OPERATIONAL 
AMPLIFIERS 
SLOS081D 
- FEBRUARY 
1977 - REVISED 
FEBRUARY 
1997 


These 
chips, when properly 
assembled, 
display 
characteristics 
similar 
to the TL084. 
Thermal 
compression 
or 
ultrasonic 
bonding 
may be used on the doped-aluminum 
bonding 
pads. Chips may be mounted 
with conductive 
epoxy or a gold-silicon 
preform. 


~l 


~ 
1~ 
~ 


1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1' 


11N+ 
(3) 


(2) 
10UT 
11N- 


21N+ 
20UT 


31N+ 


31N- 


40UT 
41N- 


CHIP THICKNESS: 
15 TYPICAL 


BONDING 
PADS: 4 x 4 MINIMUM 


TJmax = 150°C 


TOLERANCES 
ARE ±10%. 


ALL DIMENSIONS 
ARE IN MILS. 


PIN (11) IS INTERNALLY 
CONNECTED 
TO BACKSIDE 
OF CHIP. 
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TL082,TL082A,TL082B 
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SLOS081 D - FEBRUARY 
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TL08_C 
TL08_AC 
TL08_1 
TL08_M 
UNIT 
TL08_BC 


Supply voltage, VCC+ (see Note 1) 
18 
18 
18 
V 


Supply voltage VCC- 
(see Note 1) 
-18 
-18 
-18 
V 


Differential input voltage, VID (see Note 2) 
±30 
±30 
±30 
V 


Input voltage, VI (see Notes 1 and 3) 
±15 
±15 
±15 
V 


Duration of output short circuit (see Note 4) 
unlimited 
unlimited 
unlimited 


Continuous 
total power dissipation 
See Dissipation Rating Table 


Operating free-air temperature 
range, TA 
Ot070 
-40 
to 85 
-55to 
125 
°C 


Storage temperature 
range, Tstq 
-65to 
150 
-65to 
150 
-65to 
150 
°C 


Case temperature 
for 60 seconds, TC 
FK package 
260 
°C 


Lead temperature 
1,6 mm (1/16 inch) from case for 60 seconds 
J or JG package 
300 
°C 


Lead temperature 
1,6 mm (1/16 inch) from case for 10 seconds 
D, N, P, or 
260 
260 
°C 
PW package 
t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional 
operation of the device at these or any other conditions 
beyond those indicated under "recommended 
operating conditions" 
is not 
implied. Exposure to absolute-maximum-rated 
conditions for extended periods may affect device reliability. 
NOTES: 
1. 
All voltage values, except differential voltages, are with respect to the midpoint between VCC+ and VCC-. 
2. 
Differential voltages are at IN+ with respect to IN-. 


3. 
The magnitude of the input voltage must never exceed the magnitude of the supply voltage or 15 V, whichever 
is less. 


4. 
The output may be shorted to ground or to either supply. Temperature and/or supply voltages must be limited to ensure that the 
dissipation 
rating is not exceeded. 


PACKAGE 
TA $ 25°C 
DERATING 
DERATE 
TA = 70°C 
TA = 85°C 
TA = 125°C 
POWER RATING 
FACTOR 
ABOVETA 
POWER RATING 
POWER RATING 
POWER RATING 


D (8 pin) 
680mW 
5.8mW/oC 
32°C 
460mW 
373mW 
N/A 


D (14 pin) 
680mW 
7.6mW/oC 
60°C 
604mW 
490mW 
N/A 


FK 
680mW 
11.0 mW/oC 
88°C 
680mW 
680mW 
273mW 


J 
680mW 
11.0 mW/oC 
88°C 
680mW 
680mW 
273mW 


JG 
680mW 
8.4 mW/oC 
69°C 
672mW 
546mW 
210mW 


N 
680 mW 
9.2 mW/oC 
76°C 
680mW 
597mW 
N/A 


P 
680mW 
8.0mWrC 
65°C 
640mW 
520mW 
N/A 


PW{8 
pin) 
525mW 
4.2mWrC 
25°C 
336mW 
N/A 
N/A 


PW (14pin) 
700mW 
5.6 mW/oC 
25°C 
448mW 
N/A 
N/A 


U 
675mW 
5.4mWrC 
25°C 
432mW 
351 mW 
135mW 


W 
680mW 
8.0mW/oC 
65°C 
640mW 
520mW 
200mW 


~TEXAS 
INSTRUMENTS 


TL081C 
TL081AC 
TL081BC 
TL081 I 
TL082C 
TL082AC 
TL082BC 
TL0821 
PARAMETER 
TEST CONDITIONS 
TAt 
TL084C 
TL084AC 
TL084BC 
TL0841 
UNIT 


MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


25°C 
3 
15 
3 
6 
2 
3 
3 
6 
VIO 
Input offset voltage 
VO=O 
RS=50n 
mV 
Full range 
20 
7.5 
5 
9 


Temperature 


aVIO 
coefficient of input 
VO=O 
RS= 50n 
Full range 
18 
18 
18 
18 
/lV/oC 
offset voltage 


25°C 
5 
200 
5 
100 
5 
100 
5 
100 
pA 
110 
Input offset current+ 
VO=O 
Full range 
2 
2 
2 
10 
nA 


25°C 
30 
400 
30 
200 
30 
200 
30 
200 
pA 
liB 
Input bias current + 
VO=O 
Full range 
10 
7 
7 
20 
nA 


Common-mode 
input 
-12 
-12 
-12 
-12 


VICR 
25°C 
±11 
to 
±11 
to 
±11 
to 
±11 
to 
V 
voltage range 
15 
15 
15 
15 


RL=10kn 
25°C 
±12 
±13.5 
±12 
±13.5 
±12 
±13.5 
±12 
±13.5 


VOM 
Maximum peak 
RL ~ 10 kn 
±12 
±12 
±12 
±12 
V 
output voltage swing 
Full range 
RL~2 
kQ 
±10 
±12 
±10 
±12 
±10 
±12 
±10 
±12 


Large-signal 
VO=±10V, 
RL ~ 2 kQ 
25°C 
25 
200 
50 
200 
50 
200 
50 
200 
AVD 
differential voltage 
V/mV 
amplification 
VO=±10V, 
RL~2 
kn 
Full range 
15 
25 
25 
25 


B1 
Unity-gain bandwidth 
25°C 
3 
3 
3 
3 
MHz 


q 
Input resistance 
25°C 
1012 
1012 
1012 
1012 
n 


CMRR 
Common-mode 
VIC = VICRmin, 
25°C 
75 
86 
75 
86 
dB 
rejection ratio 
VO=O, 
RS =50n 
70 
86 
75 
86 


Supply voltage 
VCC = ±15 Vto±9 
V, 


kSVR 
rejection ratio 
VO=O, 
RS= 50n 
25°C 
70 
86 
80 
86 
80 
86 
80 
86 
dB 
(t.VCC± It.VIO) 


ICC 
Supply current 
VO=O, 
No load 
25°C 
1.4 
2.8 
1.4 
2.8 
1.4 
2.8 
1.4 
2.8 
mA 
(per amplifier) 


V01/V02 
Crosstalk attenuation 
AVD = 100 
25°C 
120 
120 
120 
120 
dB 
t All characteristics 
are measured under open-loop conditions with zero common-mode 
voltage unless otherwise specified. Full range for TA is O°C to 70°C for TL08_C, TL08_AC, 


TL08_BC and -40°C 
to 85°C for TL08J 
t Input bias currents of a FET-input operational amplifier are normal junction reverse currents, which are temperature sensitive as shown in Figure 17. Puise techniques 
must be used 
that maintain the junction temperature 
as close to the ambient temperature as possible. 


TL081,TL081A,TL0818, 
TL082, TL082A,TL0828 
TL082Y, TL084, TL084A, TL0848, TL084Y 
JFET·INPUT OPERATIONAL AMPLIFIERS 
SLOS081 D - FEBRUARY 
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TEST CONDlTIONSt 
TL081 M, TL082M 
TL084M 
PARAMETER 
TA 
UNIT 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


25°C 
3 
6 
3 
9 
VIO 
Input offset voltage 
VO=O, 
RS=50n 
mV 
-55°C 
to 125°C 
9 
15 


Temperature 


aVIO 
coefficient of input 
VO=O 
RS=50n 
- 55°C to 125°C 
18 
18 
IlV/oC 
offset voltage 


25°C 
5 
100 
5 
100 
pA 
110 
Input offset currentt 
VO=O 
125°C 
20 
20 
nA 


25°C 
30 
200 
30 
200 
pA 
liB 
Input bias currentt 
VO=O 
125°C 
50 
50 
nA 


Common-mode 
input 
±12 
±12 


VICR 
25°C 
±11 
to 
±11 
to 
V 
voltage range 
15 
15 


RL=10kn 
25°C 
±12 
±13.5 
±12 
±13.5 


YOM 
Maximum peak 
RL~ 10 kn 
±12 
±12 
V 
output voltage swing 
-55°C 
to 125°C 
RL~2 
kn 
±10 
±12 
±10 
±12 


Large-signal 
VO=±10V, 
RL~2 
kn 
25°C 
25 
200 
25 
200 
AVO 
differential voltage 
V/mV 
amplification 
VO=±10V, 
RL~2 
kn 
-55°C 
to 125°C 
15 
15 


Bl 
Unity-gain bandwidth 
25°C 
3 
3 
MHz 


r; 
Input resistance 
25°C 
1012 
1012 
n 


CMRR 
Common-mode 
VIC = VICRmin, 
25°C 
80 
86 
80 
86 
dB 
rejection ratio 
VO=O, 
RS=50n 


Supply voltage 
VCC=±15Vto±9V, 


kSVR 
rejection ratio 
25°C 
80 
86 
80 
86 
dB 
(6VCC+/6VI0) 
VO=O, 
RS=50n 


IcC 
Supply current 
VO=O, 
No load 
25°C 
1.4 
2.8 
1.4 
2.8 
mA 
(per amplilier) 


V01/V02 
Crosstalk attenuation 
AVO = 100 
25°C 
120 
120 
dB 
t All characteristics 
are measured under open-loop conditions with zero common-mode 
input voltage unless otherwise specilied. 


t Input bias currents 01 a FET-input operational 
amplilier 
are normal junction 
reverse currents, which are temperature 
sensitive 
as shown in 
Figure 17. Pulse techniques 
must be used that maintain the junction temperatures 
as close to the ambient temperature 
as is possible. 


PARAMETER 
TEST CONDITIONS 
MIN 
TYP 
MAX 
UNIT 


VI= 
10V, 
RL = 2 kn, 
CL = 100 pF, 
See Figure 1 
8· 
13 


SR 
Slew rate at unity gain 
VI= 
10V, 
RL = 2 kn, 
CL = 100 pF, 
V/IlS 
TA = - 55°C to 125°C, 
See Figure 1 
5· 


tr 
Rise time 
0.05 
Ils 


Overshoot lactor 
VI =20 
mY, 
RL = 2 kn, 
CL = 100 pF, 
See Figure 1 
20% 


Vn 
Equivalent input noise 
11= 1 kHz 
18 
nV/1H'i. 


voltage 
RS=20n 
11= 10 Hz to 10 kHz 
4 
IlV 


In 
Equivalent input noise 
RS =20n, 
1= 1 kHz 
0.01 
pAl1H'i. 
current 


THO 
Total harmonic distortion 
Vlrms=6 
V, 
AVD= 
1, 
RS';; 1 kn, 
RL ~ 2 kn, 
0.003% 
1= 1 kHz 
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TEST CONDITIONSt 
TL082Y, TL084Y 
UNIT 
PARAMETER 
MIN 
TYP 
MAX 


VIO 
Input offset voltage 
VO=O, 
RS= 50Q 
3 
15 
mV 


aVIO 
Temperature coefficient of input offset voltage 
VO=O, 
RS=50Q 
18 
Ilvrc 


110 
Input offset currentl 
VO=O, 
5 
200 
pA 


liB 
Input bias currentl 
VO=O, 
30 
400 
pA 


-12 


VICR 
Common-mode 
input voltage range 
±11 
to 
V 


15 


YOM 
Maximum peak output voltage swing 
RL=10kQ, 
±12 
±13.5 
V 


AVO 
Large-signal 
differential voltage amplification 
Vo = ±10 V, 
RL ~ 2 kQ 
25 
200 
V/mV 


B1 
Unity-gain bandwidth 
3 
MHz 


q 
Input resistance 
1012 
Q 


VIC = VICRmin, 
VO=O, 
70 
86 
CMRR 
Common-mode 
rejection ratio 
dB 
RS=50Q 
70 
86 


VCC =±15 
Vto±9 
V, 
70 
86 
kSVR 
Supply voltage rejection ratio (6VCC± 16VIO) 
dB 
VO=O, 
RS = 50Q 
70 
86 


ICC 
Supply current (per amplifier) 
VO=O, 
No load 
1.4 
2.8 
mA 


V011V02 
Crosstalk attenuation 
AVO = 100 
120 
dB 
t All characteristics 
are measured under open-loop conditions with zero common-mode 
voltage unless otherwise specified. 
l Input bias currents of a FET-input operational 
amplifier are normal junction 
reverse currents, which are temperature 
sensitive as shown in 
Figure 17. Pulse techniques 
must be used that maintain the junction temperature 
as close to the ambient temperature 
as possible. 


PARAMETER 
TEST CONDITIONS 
MIN 
TYP 
MAX 
UNIT 


SR 
Slew rate at unity gain 
VI = 10V, 
RL = 2 kQ, 
CL = 100 pF, 
See Figure 1 
8 
13 
V/IlS 


tr 
Rise time 
0.05 
Ils 


Overshoot factor 
VI =20 
mV, 
RL = 2 kQ, 
CL = 100 pF, 
See Figure 1 


20% 


If= 1 kHz 
18 
nV/YHZ 
Vn 
Equivalent input noise voltage 
RS=20Q 


If = 10 Hz to 10 kHz 
4 
IlV 


In 
Equivalent input noise current 
RS =20 Q, 
f= 
1 kHz 
0.01 
pAlYHZ 


THO 
Total harmonic distortion 
Vlrms=6V, 
AVO = 1, 
RS $1 kQ, 
RL ~ 2 kQ, 
0.003% 
f= 1 kHz 
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FIGURE 


vs Frequency 
5,6,7 


YOM 
Maximum peak output voltage 
vs Free-air temperature 
8 
vs Load resistance 
9 
vs Supply voltage 
10 


Large-signal 
differential voltage amplification 
vs Free-air temperature 
11 


AVD 
vs Frequency 
12 


Differential voltage amplification 
vs Frequency with feed-forward 
compensation 
13 


PD 
Total power dissipation 
vs Free-air temperature 
14 


ICC 
Supply current 
vs Free-air temperature 
15 
vs Supply voltage 
16 


liB 
Input bias current 
vs Free-air temperature 
17 


Large-signal 
pulse response 
vs Time 
18 


Vo 
Output voltage 
vs Elapsed time 
19 


CMRR 
Common-mode 
rejection ratio 
vs Free-air temperature 
20 


Vn 
Equivalent input noise voltage 
vs Frequency 
21 


THD 
Total harmonic distortion 
vs Frequency 
22 


MAXIMUM PEAK OUTPUT VOLTAGE 
MAXIMUM PEAK OUTPUT VOLTAGE 
vs 
vs 
FREQUENCY 
FREQUENCY 


±15 
±15 


> 
RL=2 
kn 
I 
> 
TA = 25°C 
•• 
±12.5 
I 
±12.5 
See Figure 
2 
'" 
•• 
:ll! 
'" 
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.l!! 
:; 
±10 
;g 
±10 
Q. 
:; 
:; 
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0 
:; 


'" 
±7.5 
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•• 
'" 
•• 
•• 
a. 
•• 
E 
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:l 
E 
E 
±5 
:l 
±5 


••• 
E 
VCC±=±5V 
•• 
••• 
:::;; 
•• 
1 
:::;; 
:::;; 
±2.5 
I 
±2.5 
-? 
:::;;-? 


0 
1 k 
10 k 
100 k 
1 M 
10 M 
100 
1 k 
10 k 
100 k 
1 M 
10 M 


f - Frequency 
- Hz 
f - Frequency 
- Hz 


Figure 5 
Figure 6 
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> 
~ ±12.5 
Cl 
J!! 
;g 
'S 
±10 
Co 
'So 
~ 
±7.5 
~ 
E 
E 
±5 


';c••:;; 


':;; ±2.5 
-? 


> 
I 
••E ±12.5 
;g 


'S 
Co 
±10 
'So~•• 
~ 
±7.5 


E::J 
E 
~ 
±5 
:;; 
I 
:;;-? 
±2.5 
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MAXIMUM PEAK OUTPUT VOLTAGE 
vs 
FREQUENCY 


VCC±=±15V 
RL=2 
kQ 


See Figure 2 


40k100k 
400k1M 


f - Frequency - Hz 


±15 


>I 
•• 
±12.5 
Cl 
J!! 
;g 


'S 
±10 
Co 
'S0~ 
±7.5 
•••• 
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E::J 
E 
±5 
';c 
•• 
:;; 
I 
±2.5 
:;;-? 


> 
I 
&±12.5 
~g 


'S 
±10 
Co 
'So~ 
III 
±7.5 
Q. 


E::J 


'~ 
±5 
•• 
:;; 
I 
~ ±2.5 
> 


MAXIMUM PEAK OUTPUT VOLTAGE 
vs 
FREE-AIR TEMPERATURE 


RL = 10 kQ 


RL= 
2 kQ 
-- 


VCC±=±15V 
See Figure 2 
o 
-75 
-50 
-25 
0 
25 
50 
75 
100 
125 


TA - Free-Air Temperature - °c 


MAXIMUM PEAK OUTPUT VOLTAGE 
vs 
SUPPLY VOLTAGE 


I 


RL=10kQ 
TA = 25°C 
/ 
/V 
/ 
/ 
/ 
/ 


MAXIMUM PEAK OUTPUT VOLTAGE 
vs 
LOAD RESISTANCE 


, 


VCC±=±15V 
TA = 25°C 
.- 
See Figure 2 
V 


// 


/II 
II 


0.2 
0.4 
0.7 
1 
2 
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RL - Load Resistance - kQ 


2 
4 
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8 
10 
12 
14 
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IVCC ± I - Supply Voltage - V 
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LARGE·SIGNAL 
DIFFERENTIAL 
VOLTAGE AMPLIFICATION 
vs 
FREE-AIR TEMPERATURE 
1000 
700 


400 
---r--... 


VCC±-±15V 
VO=±10V 
RL= 2 kQ 
I 
I 
1 
-H 
-~ 
-~ 
0 
~ 
~ 
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100 
1~ 


TA - Free-Air 
Temperature 
- °c 


Figure 11 


LARGE-SIGNAL 
DIFFERENTIAL 
VOLTAGE AMPLIFICATION 
vs 
FREQUENCY 
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DIFFERENTIAL VOLTAGE AMPLIFICATION 
vs 
FREQUENCY WITH FEED-FORWARD COMPENSATION 
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VCC±=±15V 
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see Figure 3 
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SUPPLY CURRENT PER AMPLIFIER 
vs 
FREE-AIR TEMPERATURE 
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TOTAL POWER DISSIPATION 
vs 
FREE-AIR TEMPERATURE 
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SUPPLY CURRENT 
vs 
SUPPLY VOLTAGE 
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IVCC± I - Supply Voltage - V 


Figure 16 
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vs 
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OUTPUT VOLTAGE 
vs 
ELAPSED TIME 
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RL= 2 kn 
CL=100pF 
TA = 25°C 
See Figure 1 
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EQUIVALENT 
INPUT 
NOISE 
VOLTAGE 
TOTAL 
HARMONIC 
DISTORTION 
vs 
vs 
FREQUENCY 
FREQUENCY 
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Figure 21 
Figure 22 
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Cl =C2= 
C3 =110pF 
2 


f 
= __ 
1_ 
=lkHz 
o 
21tRl Cl 


~TEXAS 
INSTRUMENTS 


TL081, TL081A,TL0818,TL082,TL082A,TL0828 
TL082~TL084,TL084A,TL0848,TL084Y 
JFET·INPUT OPERATIONAL 
AMPLIFIERS 


SLOS081D- 
FEBRUARY 
1977 - REVISED 
FEBRUARY 
1997 


100 k.Q 


100 k.Q 


18 kQ 


(see Note A) 


18 kQ 
(see Note A) 
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220 pF 


43kn 


43kQ 
220 pF 
VCC+ 


Input 
43kQ 


1.5 kn 
VCC- 


2 kHzldiv 
Second-Order 
Bandpass Filter 
fa = 100 kHz, Q = 30, GAIN = 4 


TL081,TL081A, TL081B,TL082,TL082A,TL082B 
TL082Y,TL084,TL084A, 
TL084B, TL084Y 
JFET·INPUT OPERATIONAL 
AMPLIFIERS 


SLOS081D 
- FEBRUARY 
1977 - REVISED 
FEBRUARY 
1997 


220 pF 


30kn 
43kn 
30kn 


VCC+ 
VCC+ 
VCC+ 


43kQ 
43kQ 


Output 
B 


1.5 kn 
VCC- 
VCC- 
VCC- 


Output A 


'::- 


Output B 
J\ 
I 
I 
./ 


....... '"' 
fo+-+o 
-..... 
~ 
\ 
\1 


2 kHzldiv 
Cascaded Bandpass Filter 
fa = 100 kHz, Q = 69, GAIN = 16 
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• 
Low 
Power 
Consumption 


• 
Wide 
Common-Mode 
and 
Differential 
Voltage 
Ranges 


• 
Low 
Input 
Bias 
and Offset 
Currents 


• 
Output 
Short-Circuit 
Protection 


• 
Low 
Total 
Harmonic 
Distortion 
... 
0.003% 
Typ 


• 
High 
Input 
Impedance 
..• 
JFET-Input 
Stage 


• 
Latch-Up-Free 
Operation 


• 
High 
Slew 
Rate ... 
13 VlIlS Typ 


• 
Common-Mode 
Input 
Voltage 
Range 
Includes 
Vcc+ 


description 


The 
TL084x2 
JFET-input 
operational 
amplifier 
incorporates 
well-matched, 
high-voltage 
JFET 
and bipolar 
transistors 
in a monolithic 
integrated 
circuit. 
The device 
features 
high slew 
rates, 
low 
input 
bias 
and 
offset 
currents, 
and 
low 
offset 
voltage 
temperature 
coefficient. 


The TL084x2 
is characterized 
for operation 
from 
ooe to 70oe. 


TL084x2 
JFET·INPUT OCTAL OPERATIONAL AMPLIFIER 


DB PACKAGE 
(TOP VIEW) 


10UT 
CD 
30 
80UT 


11N- 
2 
29 
81N- 


11N+ 
3 
28 
81N+ 


WCC+ 
4 
27 
Wce- 


21N+ 
5 
26 
71N+ 


21N- 
6 
25 
71N- 


20UT 
7 
24 
70UT 


NC 
8 
23 
NC 


30UT 
9 
22 
60UT 


31N- 
10 
21 
61N- 


31N+ 
11 
20 
61N+ 


2VCC+ 
12 
19 
2Vce- 


41N+ 
13 
18 
51N+ 


41N- 
14 
17 
51N- 


40UT 
15 
16 
50UT 


NC- No internalconnection 


symbol 
(each 
amplifier) 
::: 
~[>---- 
OUT 


PACKAGE 


TA 
Vlomax AT 25°C 
SMALL OUTLINE 
(DB)t 


O°Cto 70°C 
15mV 
TL084x2DBLE 
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TL084x2 
JFET·INPUT OCTAL OPERATIONAL AMPLIFIER 


COMPONENT 
COUNT 


Resistors 
76 
Transistors 
120 
JFET 
20 
Diodes 
12 
Capacitors 
8 
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TL084x2 
JFET·INPUT OCTAL OPERATIONAL AMPLIFIER 


absolute 
maximum 
ratings over operating 
free-air 
temperature 
range (unless 
otherwise 
noted)t 


Supply voltage,Vcc+ 
(see Note 1) 
18 V 
Supply voltage, Vcc- 
(see Note 1) 
-18 V 
Differential input voltage, VID (see Note 2) 
±30 V 
Input voltage, VI (any input) (see Notes 1 and 3) 
± 15 V 
Duration of output short circuit to ground (see Note 4) 
unlimited 
Continuous total dissipation 
See Dissipation Rating Table 
Operating free-air temperature range, TA 
O°Cto 70°C 
Storage temperature range 
-65°C to 150°C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds 
260°C 


t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these conditions is not implied. Exposure to absolute-maximum-rated 
conditions for extended periods may 
affect device reliability. 
NOTES: 
1. 
All voltage values, except differential voltages and VCC specified for the measurement 
of 10S. are with respect to the midpoint 
between VCC+ and VCC-. 


2. 
Differential voltages are at IN + with respect to IN -. 
3. 
The magnitude of the input voltage must never exceed the magnitude of the supply voltage or 15 V, whichever 
is less. 
4. 
The output can be shorted to ground or to either supply. Temperature 
and/or supply voltages must be limited to ensure that the 
dissipation 
rating is not exceeded. 


DISSIPATION 
RATING TABLE 


TA S 25°C 
DERATING FACTOR 
TA = 70°C 
POWER RATING 
ABOVE TA = 25°C 
POWER RATING 
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TL084x2 
JFET·INPUT OCTAL OPERATIONAL AMPLIFIER 


PARAMETER 
TEST CONDITIONSt 
TA* 
MIN 
TYP 
MAX 
UNIT 


25'C 
5 
15 
VIO 
Input offset voltage 
VO=O, 
RS = 50 n 
mV 
Full range 
20 


aVIO 
Temperature coefficient of input offset 
VO=O, 
RS = 50 n 
Full range 
10 
IlV/'C 
voltage 


25'C 
5 
200 
pA 
110 
Input offset current 
VO=O 
Full range 
5 
nA 


25'C 
30 
400 
pA 
liB 
Input bias current§ 
VO=O 
Full range 
10 
nA 


VICR 
Common-mode 
input voltage range 
25'C 
±10 
±11 
V 


RL=10kn 
25'C 
±12 
±13.5 


VOM 
Maximum peak output voltage swing 
RL,,10kn 
l 
±12 
V 


RL" 
2 kn 
Full range 
±10 
±12 


Large-signal 
differential voltage 
VO=±10V, 
RL,,2 
kn 
25'C 
25 
200 
AVD 
V/mV 
amplification 
VO=±10V, 
RL"2 
kn 
Full range 
15 


B1 
Unity-gain bandwidth 
25'C 
3 
MHz 


ri 
Input resistance 
25'C 
1012 
n 


CMRR 
Common-mode 
rejection ratio 
VIC = VICRmin, 
VO=O, 
25'C 
70 
76 
dB 
RS = 50n 


kSVR 
Supply-voltage 
rejection ratio 
VCC=±15Vto±9V, 
VO=O, 
25'C 
70 
76 
dB 
(t.VCC+lt.VIO) 
RS =50n 


ICC 
Supply current (per amplifier) 
VO=O, 
No load 
25'C 
1.4 
2.8 
mA 


V01N02 
Crosstalk attenuation 
AVD = 100 
25'C 
120 
dB 
t All characteristics 
are measured under open-loop conditions with zero common-mode 
voltage unless otherwise specified. 


:j: Full range is O'C to 70'C. 
§ Input bias currents of a FET-input operational 
amplifier are normal junction 
reverse currents, which are temperature 
sensitive 
as shown in 
Figure 14. Pulse techniques 
must be used that will maintain the junction temperature 
as close to the ambient temperature 
as possible. 


PARAMETER 
TEST CONDITIONS 
MIN 
TYP 
MAX 
UNIT 


SR 
Slew rate at unity gain 
VI= 
10V, 
RL=2 
kn, 
CL = 100 pF, 
See Figure 1 
13 
V/IlS 


tr 
Rise time 
0.05 
IlS 


Overshoot factor 
VI =20 
mV, 
RL=2 
kn, 
CL = 100 pF, 
See Figure 1 
20% 


Vn 
Equivalent input noise voltage 
RS = 20 n, 
f = 1 kHz 
18 
nV/'-/HZ 
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TL084x2 
JFET·INPUT 
OCTAL OPERATIONAL 
AMPLIFIER 


FIGURE 


vs Frequency 
3,4,5 


VOM 
Maximum peak output voltage 
vs Free-air temperature 
6 
vs Load resistance 
7 
vs Supply voltage 
8 


AVD 
Large-signal 
differential voltage amplification 
vs Free-air temperature 
9 
vs Frequency 
10 


Po 
Total power dissipation 
vs Free-air temperature 
11 


ICC 
Supply current 
vs Free-air temperature 
12 
vs Supply voltage 
13 


liB 
Input bias current 
vs Free-air temperature 
14 


Pulse response 
Large signal 
15 


Vo 
Output voltage 
vs Elasped time 
16 


CMRR 
Common-mode 
rejection ratio 
vs Free-air temperature 
17 
Vn 
Equivalent input noise voltage 
vs Frequency 
18 


THO 
Total harmonic distortion 
vs Frequency 
19 


Phase shift 
vs Free-air temperature 
10 
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TL084x2 
JFET·INPUT OCTAL OPERATIONAL AMPLIFIER 


> 
~ ±12.5 
f~:; 
±10 
Co:; 
0.•. 
±7.5 
co 
CIla.. 
E::I 
E 
±5 
';c 
co:;; 
I 
:;; 
±2.5 
0 
> 


±15 


>I 
±12.5 
CIlCl~~ 
±10 
:; 
c.:; 
0... 
±7.5 
co 
CIla.. 
E::I 
±5 
E';c 
co:;; 
I 
±2.5 
:;; 
-:9 


MAXIMUM PEAK OUTPUT VOLTAGE 
vs 
FREQUENCY 


RL = 10 kn 
TA = 25°C 
See Figure 
2 
> 
I 
±12.5 
CIlCl~ 
~ 
±10 
:; 
Co:;o 
.•• 
±7.5 
~ 


~ 
±5 
E 
';c 
co:;; 
I 
±2.5 
:;; 
-:9 


> 
I 
~ ±12.5 
S 
~ 
:; 
±10 
Co:;o 
~ 
±7.5 
~ 
E 
::I 
E 
±5 
';c 
co:;; 


~ 
±2.5 


-:9 


MAXIMUM PEAK OUTPUT VOLTAGE 
vs 
FREQUENCY 


RL=2 
kn 


TA = 25°C 
See Figure 
2 


10k 
100k 


f - Frequency 
- Hz 


10 k 
100 k 


f - Frequency 
- Hz 


MAXIMUM PEAK OUTPUT VOLTAGE 
vs 
FREQUENCY 


I~CC~ = ~~~ ~I 
RL=2 
kn 


TA=25°C 
\ 


See Figure 2 


\ 
\ 


~ 
r--. 


MAXIMUM PEAK OUTPUT VOLTAGE 
vs 
FREE-AIR TEMPERATURE 


RL= 
10kn 


RL= 
2 kn 


VCC±=±15V 
See Figure 2 
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>I 
GIS ±12.5 
;g 
:;c. 
±10 
:;o...i 
±7.5 


E 


'"E 
'1: 
±5 
:;; 
I 
:;; 
~ 
±2.5 


TL084x2 
JFET·INPUT OCTAL OPERATIONAL AMPLIFIER 


MAXIMUM 
PEAK 
OUTPUT 
VOLTAGE 
vs 
LOAD 
RESISTANCE 


MAXIMUM 
PEAK 
OUTPUT 
VOLTAGE 
vs 
SUPPLY 
VOLTAGE 


I 
, 


VCC±=±15V 
TA = 25°C 
~ 
See Figure 2 
/'" 


/" 


V/I 
II 


T 
I 
RL = 10 kfl 
TA = 25°C 
/ 
~7 
V 
/ 
V/ 
7 


1000 
700 


400 


iO> 
200 
E.e 
l!! > 
GI 
I 
100 
:E 
l: 
70 
C 
,2 
ii 1ii 
40 
§,~ 
iii'a 
d> E 
20 
~<C 
j 
GI 
Cl 
10 
I .s 
7 
c- 
~~ 
4 


2 


>I 
~ 
±12.5 


.s 
;g 
:; 
.e- 


'"o... 
~ 
±7.5 


E 


'"E 
';( 
to:;; 
I 
:;; 
~ 


4 
6 
8 
10 
12 


IVCC±I- 
Supply Voltage - V 


LARGE-SIGNAL 


DIFFERENTIAL 
VOLTAGE 
AMPLIFICATION 
vs 
FREE-AIR 
TEMPERATURE 


- 


VCC±=±15 
~ 
VO=±10V 
RL = 2 kfl 
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TL084x2 
JFET·INPUT OCTAL OPERATIONAL AMPLIFIER 


LARGE-SIGNAL 
DIFFERENTIAL 
VOLTAGE AMPLIFICATION 
vs 
FREQUENCY 


105 
iii~•• c 
~ 0 104 
!- 
- .. 
0.2 


"i~c 
Do 


103 
iW~ 
cb 
•• 
ClCl 
~ .. 
j~ 
102 
I> 
0> 
« 
101 


0° 


=:2 
45° 
UI 
••••••~ 
Do 


90° 


135° 


1 
180° 


1 
10 
100 
1 k 
10 k 
100 k 
1 M 
10 M 


f - Frequency 
- Hz 


TOTAL POWER DISSIPATION 
SUPPLY CURRENT (PER AMPLIFIER) 
vs 
vs 
FREE-AIR TEMPERATURE 
FREE-AIR TEMPERATURE 


250 
2 
VCC±=±15V 
« 
VCC±=±15V 
225 
No Signal 
E 
1.8 
No Signal 
~ 
No Load 
1 
No Load 
E 
200 
~ 
1.6 
Ic - 
is. 
- 
0 
175 
E 
1.4 
~ 
« 
Do 
150 
ij 
1.2 
Oi 
~ 
••is 
125 
C 
ij 
~ 
~ 
::J 
0 
100 
U 
0.8 
ll,. 
,.. 
! 
is. 


~ 
75 
Do 
0.6 
::J 


1 
en 
0 
50 
I 
0.4 
ll,. 
+1 
U 
25 
U 
0.2 


0 
0 
0 
10 
20 
30 
40 
50 
60 
70 
0 
10 
20 
30 
40 
50 
60 
70 
TA - Free-Air 
Temperature 
- °c 
TA - Free-Air 
Temperature 
- °C 


Figure 
11 
Figure 
12 
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2 


1.8 


1.6 
c( 
E 
I 
1.4 
<: 
~ 
1.2 
::J0 
>-c. 
C. 
::J 
0.8 
I/) 
I 
+1 
0.6 
00 
0.4 


0.2 


6 


4 
> 
I 


II> 
CI>en 
2 
:ll! 
~:;c. 
0 
:; 
0.., 
s::: 
•• 
-2 
:;c. 
.E 


-4 


-6 


Tl084x2 
JFET·INPUT OCTAL OPERATIONAL AMPLIFIER 


SUPPLY CURRENT 
vs 
SUPPLY VOLTAGE 


I 
I 
I- TA = 25°C 
No Signal 
I- No Load 


4 
6 
8 
10 
12 
IVCC± I - Supply Voltage - V 


100 


c( 
s::: 
10 
I 
<:~:; 
0 


II>••iii:;c. 
.E 


I 
!!! 
0.1 


28 


24 


> 
20 
E 
I 


CI> 
16 
en 
:ll! 
~ 
12 
:; 
c.:; 
8 
0 
I 
-? 
4 


0 


-4 


INPUT BIAS CURRENT 
vs 
FREE-AIR TEMPERATURE 


VCC+=+15V 


7" 
§ 


I 
I 
I 
I 
I 
I 
I 
I 


VOLTAGE·FOLLOWER 
LARGE-SIGNAL PULSE RESPONSE 


1 
1.5 
2 
2.5 
t-Time-~s 


OUTPUT VOLTAGE 
vs 
ELAPSED TIME 


1'\ 


...." 
VI 


VCC±=±15 
V 
RL=2 
kQ 
CL=100pF 
TA = 25°C 
See Figure 1 


If'" 


u 


o 
0.2 
0.4 
0.6 
0.8 


t - Elapsed Time - ~s 
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TL084x2 
JFET-INPUT OCTAL OPERATIONAL AMPLIFIER 


COMMON-MODE 
REJECTION RATIO 
vs 
FREE-AIR TEMPERATURE 


VCC±=±15V 
!g 
RL=10kn 


.:, 
88 
~ 
II: 
g 
87 
~.~ 
II: 


CI> 
86 


'8:;:c 
~ 
85 
Eou 


~ 
84 
II::;: 
U 


EQUIVALENT INPUT NOISE VOLTAGE 
vs 
FREQUENCY 
- 
~ 
mmrr 
IIII 


1\ 


VCC±=±15 
V 


- 
f-- 
AV = 10 
RS= 20Q 
1\ 
TA = 25°C 


I--- 


" 


I-- 
I-- 


- 
+-- 


'-- 
~ 
.L..- 
o 
10 
40 
100 
400 
1 k 
4k 
10k 
40k 
100k 


f - Frequency 
- Hz 


TOTAL HARMONIC DISTORTION 
vs 
FREQUENCY 


I- 
1= VCC+-+15V 
0.4 I- AVD 
1 
~ 
VI(RMS) = 6 V 
I- TA = 25°C 
~ 
Icot: 
~ 
C 
u';:o 
E••J: 
~~ 
~ 
0.004 
J:I- 
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TL2828Z, TL2828Y 
HIGH-TEMPERATURE DUAL 
OPERATIONAL AMPLIFIERS 
SLOS104-DECEMBER 
1991 


• 
Operating Free-Air Temperature Range 
-40°C to 150°C 


• 
Wide Range of Supply Voltages: 
Single Supply 
or Dual Supply ... 
4 V to 30 V 


• 
Low Supply Current Drain Independent 
of 
Supply Voltage ... 
0.7 mA Typ 


• 
Internal Frequency Compensation 


• 
Low Input Bias and Offset Parameters 
Input Offset Voltage 
3 mV Typ 
Input Offset Current 
2 nA Typ 
Input Bias Current 
15 nA Typ 


• 
Differential 
Input Voltage Range Equal to 
Maximum-Rated 
Supply Voltage ... 
30 V 


• 
Open-Loop 
Differential 
Voltage 
Amplification 
... 
100 V1mVTyp 


description 


The TL2828Z 
and TL2828Y 
devices consist 
of two independent 
high-gain 
frequency-compensated 
operational 
amplifiers 
that are designed 
specifically 
to operate 
over a wide range of voltages 
from a single supply. Operation 
from split supplies 
is also possible 
as long as the difference 
between 
the two supplies 
is 4 V to 30 V, and Vcc 
is at least 1.5 V more positive than the common-mode 
input voltage. 
The low supply current drain is independent 
of the magnitude 
of the supply 
voltage. 


Applications 
include 
transducer 
amplifiers, 
dc amplification 
blocks, 
and 
all the 
conventional 
operational 
amplifier 
circuits that now can be implemented 
more easily in single-supply 
voltage 
systems. 
For example, 
the 
TL2828Z 
can be operated 
on automotive 
engine 
blocks 
directly 
off the standard 
12-V supply 
with minimal 
electrical 
protection. 


The TL2828Z 
is characterized 
for operation 
over the extended 
temperature 
range of -40°C 
to 150°C. 


TL2828Z ... 
0 OR P PACKAGE 
(TOP VIEW) 


10UT[J8 
VCC+ 
11N- 
2 
7 
20UT 


11N+ 
3 
6 
21N- 


VCC- 
4 
5 
21N+ 


VCC+ 


IN+=t?- 
OUT 
IN- 


VCC- 


PACKAGED 
DEVICES 


TA 
Vlomax 
CHIP FORM 
at 25°C 
SMALL 
OUTLINE 
PLASTIC 
DIP 
(V) 
(D) 
(P) 


- 40°C to 150°C 
7mV 
Tl2828ZD 
TL2828ZP 
Tl2828V 


The D packages are available taped and reeled. Add R suffix to device type (Le., Tl2828ZDR). 
The chip form is tested at TA = 25°C. 


PRODUCTIONDATA Information Is current as of publlcation date. 
Products conform to specifications per the terms of Texas Instruments 
standard 
warranty. 
Production 
processing 
does 
not necessarily 
include 
testing 
of all parameters. 
~TEXAS 
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TL2828Z, TL2828Y 
HIGH·TEMPERATURE 
DUAL 
OPERATIONAL AMPLIFIERS 
SLOS 104 - DECEMBER 
1991 


=6-11A 
Current 
Regulator 


To Other 
Amplifier 


VCC- 


This chip, when 
properly 
assembled, 
displays 
characteristics 
similar 
to the Tl2828Z. 
Thermal 
compression 
bonding 
may be used on the gold bonding 
pads. Chips may be mounted 
with conductive 
epoxy or a gold-silicon 
preform. 


IN+ 
(3) 


(2) 
10UT 
IN- 


21N+ 
20UT 
(6) 
21N- 


CHIP THICKNESS: 
15 TYPICAL 


BONDING 
PADS: 4 x 4 MINIMUM 


TJmax = 150°C 


TOLERANCES 
ARE ±10%. 


~ 
45 
~ 


1'1'1 


11 
11'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1 


ALL DIMENSIONS 
ARE IN MILS. 


PIN (4) IS INTERNALLY 
CONNECTED 
TO BACKSIDE 
OF CHIP. 
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TL2828Z, TL2828Y 
HIGH-TEMPERATURE 
DUAL 
OPERATIONAL AMPLIFIERS 
SLOS104-DECEMBER 
1991 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 


Supply voltage, Vcc+ (see Note 1) 
16 V 
Supply voltage, Vcc- 
-16 V 
Differential input voltage, VIO (see Note 2) 
±32 V 
Input voltage range, V, (any input) 
-16 V to 16 V 


Input current, I, (each input) 
±1 mA 
Output current, 10 
±40 mA 
Total current into VCC+ 
60 mA 
Total current out of Vcc- 
60 mA 
Duration of short-circuit at (or below) 25°C (see Note 3) 
unlimited 
Continuous total dissipation 
See Dissipation Rating Table 
Operating free-air temperature range, TA 
-40°C to 150°C 
Storage temperature range 
-65°C to 165°C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds 
260°C 
t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions 
beyond those indicated under "recommended 
operating conditions" 
is not 
implied. Exposure to absolute-maximum-rated 
conditions for extended periods may affect device reliability. 
NOTES: 
1. 
All voltage values, except differential voltages, are with respect to the midpoint between VCC+ and VCC- 
when dual supplies are 
specified (e.g., VCC± = ±15 V) and with respect to VCC- 
when a single supply is specified (e.g., VCC = 5 V). 


2. 
Differential voltages are althe non inverting input with respect to the noninverting input. Excessive current will flow ifthe input is below 


VCC-· 


3. 
The output may be shorted to either supply. Temperature and/or supply voltages must be limited to ensure that the maximum 
dissipation rating is not exceeded. 


DISSIPATION 
RATING TABLE 


PACKAGE 
TA,,25°C 
DERATING FACTOR 
TA = 70°C 
TA = 105°C 
TA = 125°C 
TA = 150°C 
POWER RATING 
ABOVE TA = 25°C 
POWER RATING 
POWER RATING 
POWER RATING 
POWER RATING 


D 
812mV 
5.8mW/oC 
551 mW 
348mW 
232mW 
87mW 
p 
1120mV 
8.0 mW/oC 
760mW 
480mW 
320mW 
120mW 


MIN 
MAX 
UNIT 


Supply voltage, VCC+ 
±2 
±15 
V 


VCC+=±2.5 
V 
-2.5 
0.5 
Common-mode 
input voltage, VIC 
V 
VCC±=±15V 
-15 
13 


VCC±=±2.5V 
-2.5 
0.5 
Input voltage range, VI 
V 
VCC+=±15V 
-15 
13 


Operating free-air temperature, 
TA 
-40 
150 
°C 
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TL2828Z, TL2828Y 
HIGH· TEMPERATURE DUAL 
OPERATIONAL AMPLIFIERS 
SlOS104- 
DECEMBER 
1991 


TL2828Z 
PARAMETER 
TEST CONDITIONS 
TAt 
UNIT 
MIN 
TYP 
MAX 


25°C 
3 
7 
VIO 
Input offset voltage 
mV 
Full range 
10 


CIVIO 
Temperature coefficient of input offset 
Full range 
15 
IJ.V/oC 
voltage 
V,C=O, 
VO=1.4V, 


RS=50Q 
25°C 
2 
30 
110 
Input offset current 
nA 
Full range 
200 


25°C 
-15 
-100 
liB 
Input bias current 
nA 
Full range 
-500 


0 
0 
25°C 
to 
to 
3.5 
3.5 
VICR 
Common-mode 
input voltage range 
RS=50Q 
V 
0 
Full range 
to 
3 


25°C 
3.3 
3.7 
IOH=0.1 
mA 
Full range 
3.2 
VOH 
High-level output voltage 
V 
25°C 
3.3 
3.6 
10H= 1 mA 
Full range 
3.2 


25°C 
0.8 
0.6 
10L = 0.1 mA 
Full range 
1 
VOL 
Low-level output voltage 
V 
25°C 
0.9 
0.7 
10L= 1 mA 
Full range 
1.1 


AVO 
Large-signal 
differential voltage 
25°C 
25 
100 
VO=1Vt03.5V, 
RL = 2 k.Q 
V/mV 
amplification 
Full range 
0.7 


CMRR 
Common-mode 
rejection ratio 
VIC = VICRmin, 
VO=1.4V, 
25°C 
65 
80 
dB 
RS=50Q 
Full range 
45 


kSVR 
Supply-voltage 
rejection ratio 
VCC=5Vt030V, 
VO=1.4V, 
25°C 
65 
100 
dB 
RL=10k.Q 
Full range 
65 


ICC 
Supply current (total package) 
25°C 
0.7 
1.2 
mA 
VIC=O, 
Vo = 2.5 V, 
Full range 
1.2 


Supply current change over operating 
No load 
~ICC 
temperature 
range 
Full range 
140 
!J.A 
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TL2828Z 
PARAMETER 
TEST CONDITIONS 
TAt 
UNIT 
MIN 
TYP 
MAX 


25°C 
3 
7 
VIO 
Input offset voltage 
mV 
Full range 
10 


aVIO 
Temperature coefficient of input offset 
Full range 
15 
llV/oC 
voltage 
VIC=O, 
VO=O, 


RS =50n 
25°C 
2 
30 
110 
Input offset current 
nA 
Full range 
200 


25°C 
-15 
-100 


liB 
Input bias current 
nA 
Full range 
-500 


-15 
25°C 
to 
13.5 
VICR 
Common-mode 
input voltage range 
RS = son 
v 
-15 
Full range 
to 
13 


25°C 
13.2 
14.1 
10=-0.1 
mA 
Full range 
13.1 


Maximum positive peak output voltage 
25°C 
13.1 
14 


VOM+ 
10=-1 
mA 
V 
swing 
Full range 
13 


25°C 
12.8 
-13.6 


10=-10 
mA 
Full range 
12.7 


25°C 
-13.7 
-14.4 


10= 0.1 mA 
Full range 
-13.1 


Maximum negative peak output 
25°C 
-13.6 
-14.3 


VOM- 
10= 1 mA 
V 
voltage swing 
Full range 
-13 


25°C 
-12.9 
-13.8 
10=7mA 
Full range 
-12.5 


AVD 
Large-signal 
differential voltage 
25°C 
25 
100 
RL=2 
kQ, 
VO=-5Vt05V 
V/mV 
amplification 
Full range 
0.8 


CMRR 
Common-mode 
rejection ratio 
VIC = VICRmin, 
VO=1.4V, 
25°C 
65 
75 


dB 
RS =50n 
Full range 
50 


kSVR 
Supply-voltage 
rejection ratio 
25°C 
65 
100 
VCC=5Vt030V, 
RL = 50 kQ 
dB 
Full range 
65 


ICC 
Supply current (total package) 
25°C 
0.7 
2 


VIC=O, 
VO=O, 


mA 
Full range 
2 


Supply current change over operating 
No load 
AICC 
temperature 
range 
Full range 
140 
llA 
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TL2828Z 
PARAMETER 
TEST CONDITIONS 
TAt 
UNIT 
MIN 
TYP 
MAX 


25°C 
0.15 
SR+ 
Positive slew rate 
Vo = 1 V to 4.5 V, 
AVD= 
1, 
Full range 
0.1 


RL=2ka:j:, 
CL = 100 pF 
25°C 
0.15 
V/!ls 


SR- 
Negative slew rate 
Full range 
0.1 


f= 
10 Hz 
39 
Vn 
Equivalent input noise voltage 
25°C 
nV/VHz 
f= 10 kHz 
23 


VN(PP) 
Peak-to-peak 
equivalent 
input noise 
f = 0.1 Hz to 10Hz 
25°C 
0.9 
!lV 
voltage 


B1 
Unity-gain bandwidth 
RL = 10 ka:j:, 
CL=100pF 
25°C 
400 
kHz 


4>m 
Phase margin 
RL = 10 ka:j:, 
CL=100pF 
25°C 
60° 


t Full range is -40°C 
to 150°C. 


:j:RL terminates 
at 0 V. 


PARAMETER 
TEST CONDITIONS 
UNIT 
TYP 
MAX 


VIO 
Input offset voltage 
3 
7 
mV 


110 
Input offset current 
VIC=O, 
VO=O, 
RS = 50 a 
2 
30 
nA 
liB 
Input bias current 
-15 
-100 


-15 


VICR 
Common-mode 
input voltage range 
RS=50a 
to 
V 
13.5 


10=-0.1 
mA 
13.2 
14.1 


VOM+ 
Maximum positive peak output voltage swing 
10=-1 
mA 
13.1 
14 
V 


10=-10 
mA 
12.8 
13.6 


10=0.1 
mA 
-13.7 
-14.4 


VOM- 
Maximum negative peak output voltage 
10=1 
mA 
-13.6 
-14.3 
V 
swing 
10= 10mA 
-12.9 
-13.8 


AVD 
Large-signal 
differential voltage amplification 
Vo = 1 V to-1.5 
V, 
RL=2 
kQ 
25 
100 
V/mV 


CMRR 
Common-mode 
rejection ratio 
VIC = 0 to 28 V, 
Vo = 1.4 V, 
RS = 50 a 
65 
75 
dB 


kSVR 
Supply-voltage 
rejection ratio 
VCC=5Vt030V, 
VO=1.4V, 
RL=10ka 
65 
100 
dB 


ICC 
Supply-current 
(total package) 
VIC=O, 
VO=O, 
No load 
0.7 
2 
mA 
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• 
Free-Air Operating Temperature Range 
-40°C to 150°C 


• 
Wide Range of Supply Voltages: 
Single Supply ... 
4 V to 30 V 
or Dual Supplies 


• 
Low Supply Current Drain independent 
of 
Supply Voltage ... 
0.8 mA 


• 
Internal Frequency Compensation 


SUPPLY CURRENT 
vs 
FREE-AIR TEMPERATURE 


c( 
0.8 
E 


~ 
0.75 
l!!8 
0.7 


>-8: 0.65 


'"en 
I 
0.6 
oo 
- 
0.55 


o 
50 
100 
TA - Free-Air 
Temperature 
- °C 


TL2829Z, TL2829Y 
HIGH-TEMPERATURE QUADRUPLE 
OPERATIONAL AMPLIFIERS 


SLOS067 A - APRIL 
1991 - REVISED 
MARCH 
1993 


• 
Low Input Bias and Offset Parameters at 
25°C 
Input Offset Voltage 
3 mV Typ 
Input Offset Current 
2 nA Typ 
Input Bias Current 
15 nA Typ 


• 
Differential 
Input Voltage Range Equal to 
Maximum-Rated 
Supply Voltage ... 
30 V 


• 
Open-Loop 
Differential 
Voltage 
Amplification 
... 
100 V1mV Typ at 25°C 


INPUT OFFSET CURRENT 
vs 
FREE-AIR TEMPERATURE 


2 
VCC± = ±2.5 v to ±15 v 
RL= 
10 kQ 


c( 
1.8 
VIC=O 
l: 
Vo=O 
I 
C 
l!!;; 
1.6 
0 
Qi 
III:: 
0 
"5 
1.4 
Q. 
.= 
I 
Q 
1.2 


1 
-50 
0 
50 
100 
150 
TA - Free-Air 
Temperature 
- °C 


description 


These devices consist of four independent, high-gain frequency-compensated operational amplifiers that are 
designed specifically to operate from a single supply over a wide range of voltages. Operation from split supplies 
is also possible as long as the difference between the two supplies is 4 V to 30 V,and Vcc is at least 1.5 V more 
positive than the input common-mode voltage. The low supply current drain is independent of the magnitude 
of the supply voltage. 


Applications include transducer amplifiers, dc amplification blocks, and all the conventional operational 
amplifier circuits that now can be implemented more easily in single-supply-voltage systems. For example, the 
TL2829 can be operated on automotive engine blocks directly off the standard 12-V supply with minimal 
electrical protection. 


The TL2829 is characterized for operation over the extended temperature range of -40°C to 150°C. 


AVAILABLE 
OPTIONS 


PACKAGED 
DEVICES 
CHIP 


TA 
VIOmax 
SMALL 
OUTLINE 
PLASTIC 
DIP 
FORM 
AT 25°C 
(D) 
(N) 
(V) 


- 40°C to 150°C 
7mV 
TL2829ZD 
TL2829ZN 
TL2829V 


~~~~~~~o~:i: 
s'~rfrc~W:;:'s'~~~~:~:r~~ 
g:~~~~~~~~mC:~:~ 
standard 
warranty. 
Production 
processing 
does 
nol necessarily 
Include 
testing 
of all parameters. 
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TL2829Z ... 
D OR N PACKAGE 
(TOP VIEW) 


lOUT 
1 U 14 
40UT 
11N- 
2 
13 
41N- 
11N+ 
3 
12 
41N+ 


VCC+ 
4 
11 
VCC- 


21N+ 
5 
10 
31N+ 
21N- 
6 
9 
31N- 
20UT 
7 
8 
30UT 


VCC+ 


IN+=t>- 


OUT 
IN- 
- 


VCC- 


TL2829Y chip information 


This chip, properly 
assembled, 
displays 
characteristics 
similar 
to the TL2829. 
Thermal 
compression 
bonding 
may be used on the gold bonding 
pads. Chips may be mounted 
with conductive 
epoxy or a gold-silicon 
preform. 


I.. 
61 
.1 


jllllllllllllllllllllllllllllllllllllllllllllllllllill11111111 


CHIP THICKNESS: 
15 TYPICAL 


BONDING 
PADS: 4 X 4 MINIMUM 


TJmax = 165°C 


TOLERANCES 
ARE ± 10%. 


ALL DIMENSIONS 
ARE IN MILS. 
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VCC- 


To Other 
Amplifiers 


COMPONENT 
COUNT 
(total device) 


Epi-FET 
1 


Diodes 
4 
Resistors 
11 
Transistors 
95 
Capacitors 
4 
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 


Supply voltage, Vcc+ (see Note 1) 
16 V 
Supply voltage, Vcc- (see Note 1) 
-16 V 
Differential input voltage, V'D (see Note 2) 
±32 V 
Input voltage range, VI (any input) 
-16 to 16 V 
Input current, II (each input) 
±1 mA 
Output current, 10 
±40 mA 
Total current into VCC+ 
60 mA 
Total current out of VCC- 
60 mA 
Duration of short-circuit current at (or below) 25°C (see Note 3) 
unlimited 
Continuous total dissipation 
See Dissipation Rating Table 
Operating free-air temperature range, TA 
-40°C to 150°C 
Storage temperature range 
-65°C to 165°C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds 
300°C 


t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended 
operating conditions" 
is not 
implied. Exposure to absolute-maxi mum-rated conditions for extended periods may affect device reliability. 
NOTES: 
1. 
All voltage values, except differential voltages, are with respect to the midpoint between VCC + and VCC- 
when dual supplies are 
specified (e.g., VCC± = ±15 V) and with respect to VCC- 
when a single supply is specified (e.g., VCC = 5 V). 


2. 
Differential voltages are at the non inverting input with respect to the inverting input. Excessive current will flow if input is brought 
beiowVCC· 
3. 
The output may be shorted to either supply. Temperature 
and/or supply voltages must be limited to ensure that the maximum 
dissipation rating is not exceeded. 


DISSIPATION 
RATING TABLE 


TA" 
25'C 
DERATING FACTOR 
TA = 70'C 
TA = 100'C 
TA = 125'C 
TA = 150'C 
POWER RATING 
ABOVE TA = 25'C 
POWER RATING 
POWER RATING 
POWER RATING 
POWER RATING 


1064mW 


1764mW 


7.6mW/'C 


12.6mW/'C 


722mW 


1197mW 


494mW 


819mW 


304mW 


504mW 


114mW 


189mW 


MIN 
MAX 
UNIT 


Supply voltage, VCC± 
±2 
±15 
V 


VCC±=±2.5V 
-2.5 
0.5 
Common-mode 
input voltage, VIC 
V 
VCC±=±15V 
-15 
13 


VCC+=±2.5V 
-2.5 
0.5 
Input voltage range, VI 
V 
VCC±=±15V 
-15 
13 


Operating free-air temperature, 
TA 
-40 
150 
'c 
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TL2829Z 
PARAMETER 
TEST CONDITIONS 
TAt 
UNIT 
MIN 
TYP 
MAX 


25°C 
3 
7 
VIO 
Input offset voltage 
mV 
Full range 
10 


UVIO 
Temperature coefficient of input 
Full range 
15 
llV/oC 
offset voltage 
VO= 
1.4 V, 
VIC=O, 


RS =50n 
25°C 
2.0 
30 
110 
Input offset current 
nA 
Full range 
200 


25°C 
-12 
-100 
liB 
Input bias current 
nA 
Full range 
-500 


0 
0 
25°C 
to 
to 
3.5 
3.5 
VICR 
Common-mode 
input voltage range 
RS= 50n 
V 
0 
Full range 
to 
3 


25°C 
3.3 
3.7 
IOH=0.1 
mA 
Full range 
3.2 
VOH 
High-level output voltage 
V 
25'C 
3.3 
3.6 
10H= 1 mA 
Full range 
3.2 


25°C 
0.8 
0.6 
10L = 0.1 mA 
Full range 
1 
VOL 
Low-level output voltage 
V 
25°C 
0.9 
0.7 
10L= 1 mA 
Full range 
1.1 


AVO 
Large-signal differential voltage 
25°C 
25 
60 
Vo = 1 V to 3.5 V, 
RL=2 
kn 
VlmV 
amplification 
Full range 
0.8 


CMRR 
Common-mode 
rejection ratio 
VO=1.4V, 
VIC = VICRmin, 
25°C 
65 
81 
dB 
RS=50n 
Full range 
50 


kSVR 
VCC = 5 V to 30 V, 
VO=1.4V, 
25°C 
65 
103 
Supply-voltage 
rejection ratio 
dB 
RL= 
10 kQ 
Full range 
65 


ICC 
Supply current (total package) 
25°C 
0.6 
1.2 
mA 
VO=2.5V, 
VIC=O, 
Full range 
1.2 


Supply current change over operating 
No load 
61CC 
temperature 
range 
Full range 
140 
lJ.A 
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TL2829Z 
PARAMETER 
TEST CONDITIONS 
TAt 
UNIT 
MIN 
TYP 
MAX 


25°C 
3 
7 
VIO 
Input offset voltage 
mV 
Full range 
10 


aVIO 
Temperature coefficient of input offset 
Full range 
15 
~V/oC 
voltage 
VO=O, 
RS = 50 0, 


VIC=O 
25°C 
2 
30 
110 
Input offset current 
nA 
Full range 
200 


25°C 
-15 
-100 
liB 
Input bias current 
nA 
Full range 
-500 


-15 
25°C 
to 
13.5 
VICR 
Common-mode 
input voltage range 
RS =500 
V 
-15 
Full range 
to 
13 


25°C 
13.2 
14.1 
10=-0.1 
mA 
Full range 
13.1 


VOM+ 
Maximum positive peak output voltage 
25°C 
13.1 
14 
10=-1 
mA 
V 
range 
Full range 
13 


25°C 
12.8 
13.6 
10=-10mA 
Full range 
12.7 


25°C 
-13.7 
-14.4 
10=0.1 
mA 
Full range 
-13.1 


VOM- 
Maximum negative peak output voltage 
25°C 
-13 
-14.3 
10= 1 mA 
V 
range 
Full range 
-13 


25°C 
-12.9 
-13.8 
10= 10 mA 
Full range 
-12.9 


AVD 
Large-signal 
differential voltage 
25°C 
25 
210 
RL=2 
kO, 
VO=-5Vt05V 
V/mV 
amplification 
Full range 
5 


CMRR 
Common-mode 
rejection ratio 
VO=1.4V, 
RS = 50 0, 
25°C 
65 
75 
dB 
VIC = VICRmin 
Full range 
50 


kSVR 
Supply-voltage 
rejection ratio 
VCC=5Vt030V, 
VO=1.4V 
25°C 
65 
103 
dB 
RL = 10 krl" 
Full range 
65 


ICC 
Supply current (total package) 
25°C 
0.8 
3 


Vo=O, 


mA 
VIC=O, 
Full range 
3 


Supply current change over operating 
No load 
dlCC 
temperature 
range 
Full range 
140 
~A 
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TL2829Z 


PARAMETER 
TEST CONDITIONS 
TAt 
UNIT 


MIN 
TYP 
MAX 


25°C 
0.2 
SR+ 
Positive slew rate 
VO=1Vt04.5V, 
AVD= 
1, 
Full range 
0.1 


RL=2 
kn:l: 
CL = 100 pF 
25°C 
0.25 
V/~s 


SR- 
Negative slew rate 


Full range 
0.2 


1= 10 Hz 
25°C 
39 
Vn 
Equivalent input noise voltage 


1= 10 kHz 
25°C 
23 
nV/VHZ 


Vn(PP) 


Peak-to-peak 
equivalent input noise 
1=0.1 
Hz to 10Hz 
25°C 
0.9 
~V 
voltage 


Bn 
Unity-gain bandwidth 
RL= 
10 kQ:l:, 
CL = 100 pF 
25°C 
400 
kHz 


$m 
Phase margin at unity gain 
RL = 10 kQ:l:, 
CL = 100 pF 
25°C 
60° 


t Full range is -40°C 
to 150°C. 


:l:RL terminates 
at 0 V. 


TL2829Y 
PARAMETER 
TEST CONDITIONS 
UNIT 
MIN 
TYP 
MAX 


VIO 
Input offset voltage 
3 
7 
mV 


110 
Input offset current 
VO=O, 
VIC=O, 
2 
30 
Rs= son 
nA 
liB 
Input bias current 
-15 
-100 


-15 
VICR 
Common-mode 
input voltage range 
RS=50n 
to 
V 
13.5 


10 = -0.1 
mA 
13.2 
14.1 


VOM+ 
Maximum positive peak output voltage range 
10=-1 
mA 
13.1 
14 
V 


10 =-10 
mA 
12.8 
13.6 


10=0.1 
mA 
-13.7 
-14.4 


VOM- 
Maximum negative peak output voitage range 
10=1 
mA 
-13.6 
-14.3 
V 


10= 10mA 
-12.9 
-13.8 


AVD 
Large-signal 
differential voltage amplification 
VO=1 
Vto-1.5V, 
RL = 2 kn 
25 
210 
V/mV 


CMRR 
Common-mode 
rejection ratio 
VO=1.4V, 
VIC = 0 V to 28 V, 
65 
75 
dB 
Rs=50n 


kSVR 
Supply-voltage 
rejection ratio 
VCC = 5 V to 30 V, 
VO=1.4V, 


65 
103 
dB 
RL= 
10 kQ 


ICC 
Supply current (total package) 
VO=O, 
VIC=O, 
0.8 
3 
mA 
No load 
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FIGURE 


110 
Input offset current 
vs Free-air temperature 
1 


vs Free-air temperature 
(VCC = ±2.5 V) 
2 
liB 
Input bias current 
vs Free-air temperature 
(VCC = ±15 V) 
3 


vs Free-air temperature 
(VCC = ±2.5 V) 
4 
VOM+ 
Maximum positive peak output voltage swing 
vs Free-air temperature 
(VCC = ± 15 V) 
5 


vs Free-air temperature 
(VCC = ±2.5 V) 
6 
VOM- 
Maximum negative peak output voltage swing 
vs Free-air temperature 
(VCC = ±15 V) 
7 


vs Free-air temperature 
(VID = 1 V) 
8 
10S 
Short-circuit 
output current 
vs Free-air temperature 
(VID = -1 V) 
9 


AVD 
Differential voltage amplification 
vs Free-air temperature 
10 


CMRR 
Common-mode 
rejection ratio 
vs Free-air temperature 
11 


kSVR 
Supply-voltage 
rejection ratio 
vs Free-air temperature 
12 


ICC 
Supply current 
vs Free-air temperature 
13 


SR+ 
Positive slew rate 
vs Free-air temperature 
14 


SR- 
Negative slew rate 
vs Free-air temperature 
15 


Equivalent input noise voltage 
Over a 10-second period 
16 
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INPUT OFFSET CURRENT 
vs 
FREE-AIR TEMPERATURE 


c( 
1.8 
c 
I 
C 
~ 
:::I 
1.6 
u 


~ 
:; 
1.4 
Q. 
.5 
I 
Q 
1.2 


VCC± =± 2.5Vto±15V 
RL=10kQ 
VIC=O 
VO=O 


o 
50 
100 
TA - Free-Air Temperature - °C 


INPUT BIAS CURRENT 
vs 
FREE-AIR TEMPERATURE 


0 


VCC± = ±15V 
-2 
RL=10kQ 


V'C=O 
c( 
-4 
VO=O 
c 
I 
C 
~ 
-6 


:::I 
U 
•• 
-8 
toiii:; 
-10 
Q. 
.5 
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m 
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=' 


-14 


-16 
-50 
0 
50 
100 
150 
TA - Free-Air Temperature - °C 


Figure 3 


INPUT BIAS CURRENT 
vs 
FREE-AIR TEMPERATURE 


I. 


VCC± = ±2.5V 
RL=10kU 
VIC=O 
-Vo=O 


/ 
/ 
-V 


o 
50 
100 
TA - Free-Air Temperature - °C 
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• 
Wide Range of Supply Voltages 
1.4 V to 16 V 


• 
True Single-Supply 
Operation 


• 
Common-Mode 
Input Voltage Range 
Includes the Negative Rail 


• 
Low 
Noise ... 
30 nVlv'Hi Typ at 1 kHz 
(High Bias) 


• 
ESD Protection 
Exceeds 2000 V Per 
MIL-STD-833C, Method 3015.1 


o OR P PACKAGE 
(TOP VIEW) 


OFFSETN1(]8 
BIASSELECT 
IN- 
2 
7 
VOO 
IN+ 
3 
6 
OUT 
Voo_/GND 4 
5 
OFFSETN2 


The TLC251C, TLC251AC, and TLC251BC are 
low-cost, low-power programmable operational 
amplifiers designed to operate with single or dual 
supplies. 
Unlike traditional 
metal-gate CMOS 
operational amplifiers, these devices utilize Texas 
Instruments 
silicon-gate 
LinCMOSTM process, 


giving them stable input offset voltages without 
sacrificing the advantages of metal-gate CMOS. 
This series of parts is available in selected grades of input offset voltage and can be nulled with one external 
potentiometer. Because the input common-mode range extends to the negative rail and the power consumption 
is extremely low, this family is ideally suited for battery-powered or energy-conserving 
applications. A 
bias-select pin can be used to program one of three ac performance and power-dissipation levels to suit the 
application. The series features operation down to a 1.4-V supply and is stable at unity gain. 


These devices have internal electrostatic-discharge (ESD) protection circuits that prevent catastrophic failures 
at voltages up to 2000 V as tested under MIL-STD-883C, Method 3015.1. However, care should be exercised 
in handling these devices as exposure to ESD may result in a degradation of the device parametric 
performance. 


Because of the extremely high input impedance and low input bias and offset currents, applications for the 
TLC251C series include many areas that have previously been limited to BIFET and NFET product types. Any 
circuit using high-impedance elements and requiring small offset errors is a good candidate for cost-effective 
use of these devices. Many features associated with bipolar technology are available with LinCMOSTM 
operational amplifiers without the power penalties of traditional bipolar devices. Remote and inaccessible 
equipment applications are possible using the low-voltage and low-power capabilities of the TLC251 C series. 


Inaddition, by driving the bias-select input with a logic signal from a microprocessor, these operational amplifiers 
can have software-controlled performance and power consumption. The TLC251 C series is well suited to solve 
the difficult problems associated with single battery and solar cell-powered applications. 


The TLC251 C series is characterized for operation from O°Cto 70°C. 


OFFSETN1 


OFFSETN2 


PACKAGED 
DEVICES 


TA 
VIOmax 
CHIP FORM 
AT 25 


DC 
SMALL 
OUTLINE 
PLASTIC 
DIP 
(V) 
(D) 
(P) 


10mV 
TLC251CD 
TLC251CP 
TLC251Y 
DoCto 70 


DC 
5mV 
TLC251ACO 
TLC251ACP 
- 
2mV 
TLC251BCO 
TLC251BCP 
- 


~~~~::1::.c~lI~~':::l'':=:: 
standard 
warranty. 
Production 
processing 
does not necessarity 
Include 


testing 
of all par.meters. 
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TLC251Y chip information 


These 
chips, 
properly 
assembled, 
display 
characteristics 
similar 
to the TLC251 C. Thermal 
compression 
or 
ultrasonic 
bonding 
may be used on the doped-aluminum 
bonding 
pads. Chips may be mounted 
with conductive 
epoxy or a gold-silicon 
preform. 


OFFSETN1 


OFFSETN2 
(4) 


VDD_/GND 


CHIP THICKNESS: 
15 TYPICAL 


BONDING 
PADS: 4 x 4 MINIMUM 


TJMAX = 150°C 


TOLERANCES 
ARE ±10%. 


ALL DIMENSIONS 
ARE IN MILS. 


PIN (4) IS INTERNALLY 
CONNECTED 
TO BACKSIDE 
OF CHIP. 
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absolute 
maximum 
ratings 
over operating 
free-air 
temperature 
range (unless 
otherwise 
noted)t 


Supply 
voltage, 
Voo 
(see Note 1) 
18 V 


Differential 
input voltage, 
VIO (see Note 2) 
± 18 V 
Input voltage 
range, VI (any input) 
-0.3 
V to 18 V 


Duration 
of short circuit at (or below) 
25°C free-air 
temperature 
(see Note 3) 
unlimited 
Continuous 
total dissipation 
See Dissipation 
Rating Table 
Operating 
free-air 
temperature 
range, TA 
O°C to 70°C 


Storage 
temperature 
range 
-65°C 
to 150°C 
Lead temperature 
1,6 mm (1/16 inch) from case for 10 seconds 
260°C 


t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended 
operating conditions" 
is not 
implied. Exposure to absolute-maxi mum-rated conditions for extended periods may affect device reliability. 
NOTES: 
1. 
All voltage values, except differential voltages, are with respect to VDD_/GND. 
2. 
Differential voitages are at IN+ with respect to IN-. 


3. 
The output may be shorted to either supply. Temperature and/or supply voltages must be limited to ensure the maximum dissipation 
rating is not exceeded. 


DISSIPATION 
RATING TABLE 


PACKAGE 
TA ~ 25°C 
DERATING FACTOR 
TA=70°C 
POWER RATING 
ABOVE TA = 25°C 
POWER RATING 


D 
725 mW 
5.8 mW/oC 
464mW 


p 
1000mW 
8.0mWrC 
640mW 


MIN 
MAX 
UNIT 


Supply voltage, VDD 
1.4 
16 
V 


VDD = 1.4 V 
0 
0.2 


VDD=5 
V 
-0.2 
4 
Common-mode 
input voltage. VIC 
V 
VDD = 10V 
-0.2 
9 


VDD= 
16 V 
-0.2 
14 


Operating free-air temperature, 
TA 
0 
70 
°C 


Bias-select voltage 
See Application 


Information 
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TLC251C,TLC251AC,TLC251BC 


PARAMETER 
TEST 
TAt 
VOO =5 V 
VOO=10V 
UNIT 
CONOITIONS 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


25°C 
1.1 
10 
1.1 
10 
TLC251C 
Full range 
12 
12 
VO=l.4V, 
25°C 
0.9 
5 
0.9 
5 
Via 
Input offset voltage 
TLC251AC 
VIC = 0 V, 
mV 
RS = 50 Q, 
Full range 
6.5 
6.5 
RL = 10 kn 
25°C 
0.34 
2 
0.39 
2 
TLC251BC 
Full range 
3 
3 


Average temperature 
coefficient of 
25°C to 
1.8 
2 
JlV/oC 
aVIO 
input offset voltage 
70°C 


VO= 
Vool2, 
25°C 
0.1 
0.1 
110 
Input offset current (see Note 4) 
VIC= 
VOO/2 
70°C 
7 
300 
7 
300 
pA 


Va = vool2, 
25°C 
0.6 
0.7 
liB 
Input bias current (see Note 4) 
Vlc=Vool2 
70°C 
40 
600 
50 
600 
pA 


-0.2 
-0.3 
-0.2 
-0.3 
25°C 
to 
to 
to 
to 
V 


Common-mode 
input voltage 
4 
4.2 
9 
9.2 
VICR 
range (see Note 5) 
-0.2 
-0.2 
Full range 
to 
to 
V 
3.5 
8.5 


25°C 
3.2 
3.8 
8 
8.5 


VOH 
High-level output voltage 
VIO = 100 mY, 
O°C 
3 
3.8 
7.8 
8.5 
V 
RL = 10 kn 
70°C 
3 
3.8 
7.8 
8.4 


25°C 
0 
50 
0 
50 


VOL 
Low-level output voltage 
VIO = -100 
mV, 
O°C 
0 
50 
0 
50 
mV 
IOL=O 
70°C 
0 
50 
0 
50 


25°C 
5 
23 
10 
36 


AVO 
Large-signal differential voltage 
RL= 
10 kn, 
O°C 
4 
27 
7.5 
42 
V/mV 
amplification 
See Note 6 
70°C 
4 
20 
7.5 
32 


25°C 
65 
80 
65 
85 


CMRR 
Common-mode 
rejection ratio 
VIC = VICRmin 
O°C 
60 
84 
60 
88 
dB 


70°C 
60 
85 
60 
88 


25°C 
65 
95 
65 
95 


kSVR 
Supply-voltage 
rejection ratio 
VOO = 5 V to 10 V, 
O°C 
60 
94 
60 
94 
dB 
(dVOO/dVIO) 
Va = 1.4 V 
70'C 
60 
96 
60 
96 


II(SELl 
Input current (BIAS SELECT) 
VI(SEll 
= 0 
25°C 
-1.4 
-1.9 
JlA 


Va =Vool2, 
25°C 
675 
1600 
950 
2000 


100 
Supply current 
Vlc=Vool2, 
O°C 
775 
1800 
1125 
2200 
JlA 
No load 
70°C 
575 
1300 
750 
1700 


t Full range is O°C to 70°C. 
NOTES: 
4. 
The typical values of input bias current and input offset current below 5 pA were determined 
mathematically. 
5. 
This range also applies to each input individually. 


6. 
At VOO = 5 V, Va = 0.25 V to 2 V; at VOO = 10 V, Va = 1 V to 6 V. 
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TLC251C, TLC251AC. 


PARAMETER 
TEST CONDITIONS 
TA 
TLC251BC 
UNIT 


MIN 
TYP 
MAX 


25°C 
3.6 


VI(PP)= 
1 V 
O°C 
4 


70°C 
3 
SR 
Slew rate at unity gain 
RL = 10 kQ, 
CL = 20 pF 
V/Jls 
25°C 
2.9 


VI(PP) = 2.5 V 
O°C 
3.1 


70°C 
2.5 


Vn 
Equivalent input noise voltage 
1= 1 kHz, 
RS=20Q 
25°C 
25 
nV/v'HZ 


25°C 
320 


BOM 
Maximum output-swing 
bandwidth 
VO=VOH, 
CL = 20 pF, 
RL = 10 kQ 
O°C 
340 
kHz 


70°C 
260 


25°C 
1.7 


B1 
Unity-gain bandwidth 
VI=10mV, 
CL = 20 pF 
O°C 
2 
MHz 


70°C 
1.3 


25°C 
46° 


4>m 
Phase margin 
VI=10mV, 
I=B1, 
CL = 20 pF 
O°C 
47" 


70°C 
44° 


TLC251C.TLC251AC. 


PARAMETER 
TEST CONDITIONS 
TA 
TLC251BC 
UNIT 


MIN 
TYP 
MAX 


25°C 
5.3 


VI(PP) = 1 V 
O°C 
5.9 


70°C 
4.3 
SR 
Slew rate at unity gain 
RL = 10 kQ, 
CL =20 pF 
V/Jls 
25°C 
4.6 


Vf(PP) = 5.5 V 
O°C 
5.1 


70°C 
3.8 


Vn 
Equivalent input noise voltage 
1= 1 kHz, 
RS =20Q 
25°C 
25 
nV/v'HZ 


25°C 
200 


BOM 
Maximum output-swing 
bandwidth 
VO=VOH, 
CL = 20 pF, 
RL= 
10 kQ 
O°C 
220 
kHz 


70°C 
140 


25°C 
2.2 


B1 
Unity-gain bandwidth 
VI=10mV, 
CL = 20 pF 
O°C 
2.5 
MHz 


70°C 
1.8 


25°C 
49° 


4>m 
Phase margin 
VI=10mV, 
I=B1, 
CL = 20 pF 
O°C 
50° 


70°C 
46° 
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TLC251C,TLC251AC,TLC251BC 


PARAMETER 
TEST 
TAt 
VOO=5V 
VOO=10V 
UNIT 
CONOITIONS 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


25°C 
1.1 
10 
1.1 
10 
TLC251C 
Full range 
12 
12 
VO=l.4V, 


25°C 
0.9 
5 
0.9 
5 
Via 
Input offset voltage 
TLC251AC 
VIC= 
OV, 
mV 
RS=50Q, 
Full range 
6.5 
6.5 
RL=10kQ 
25°C 
0.34 
2 
0.39 
2 
TLC251BC 
Full range 
3 
3 


Average temperature 
coefficient of 
25°C to 
1.7 
2.1 
IlV/oC 
CIVIO 
input offset voltage 
70°C 


Va = VOo/2, 
25°C 
0.1 
0.1 


110 
Input offset current (see Note 4) 
VIC =VOo/2 
70°C 
7 
300 
7 
300 
pA 


Va = VOo/2, 
25°C 
0.6 
0.7 
liB 
Input bias current (see Note 4) 
VIC=VOo/2 
70°C 
40 
600 
50 
600 
pA 


-0.2 
-0.3 
-0.2 
-0.3 
25°C 
to 
to 
to 
to 
V 


Common-mode 
input voltage 
4 
4.2 
9 
9.2 
VICR 
range (see Note 5) 
-0.2 
-0.2 
Full range 
to 
to 
V 
3.5 
8.5 


25°C 
3.2 
3.9 
8 
8.7 


VOH 
High-level output voltage 
VIO= 
100 mV, 
O°C 
3 
3.9 
7.8 
8.7 
V 
RL=10kQ 


70°C 
3 
4 
7.8 
8.7 


25°C 
0 
50 
0 
50 


VOL 
Low-level output voltage 
VIO = -100 
mV, 
O°C 
0 
50 
0 
50 
mV 


10L=0 
70°C 
0 
50 
0 
50 


25°C 
25 
170 
25 
275 


AVO 
Large-signal differential voltage 
RL=10kQ, 
O°C 
15 
200 
15 
320 
V/mV 
amplification 
See Note 6 
70°C 
15 
140 
15 
230 


25°C 
65 
91 
65 
94 


CMRR 
Common-mode 
rejection ratio 
VIC = VICRmin 
O°C 
60 
91 
60 
94 
dB 


70°C 
60 
92 
60 
94 


25°C 
70 
93 
70 
93 


kSVR 
Supply-voltage 
rejection ratio 
VOO=5Vto 
10V, 
O°C 
60 
92 
60 
92 
dB 
(t,vOo/AVIO) 
VO=l.4V 
70°C 
60 
94 
60 
94 


II(SELl 
Input current (BIAS SELECT) 
VI(SEL) = VOo/2 
25°C 
-130 
-160 
nA 


Va = VOo/2, 
25°C 
105 
280 
143 
300 


100 
Supply current 
VIC=VOo/2, 
O°C 
125 
320 
173 
400 
JlA 
No load 
70°C 
85 
220 
110 
280 
t Full range is O°C to 70°C. 
NOTES: 
4. 
The typical values of input bias current and input offset current below 5 pA were determined 
mathematically. 


5. 
This range also applies to each input individually. 
6. 
At VOO = 5 V, Va = 0.25 V to 2 V; at VOO = 10 V, Va = 1 V to 6 V. 
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TLC251C, 
TLC251AC, 


PARAMETER 
TEST CONDITIONS 
TA 
TLC251BC 
UNIT 


MIN 
TYP 
MAX 


25°C 
0.43 


VI(PP) = 1 V 
DoC 
0.46 


70°C 
0.36 


SR 
Slew rate at unity gain 
RL = 100 kQ, 
eL =20 pF 
V/llS 
25°C 
0.40 


VI(PP) = 2.5 V 
DoC 
0.43 


lOoe 
0.34 


Vn 
Equivalent input noise voltage 
1= 1 kHz, 
RS=20Q 
25°C 
32 
nV/..JHZ 


25°C 
55 


60M 
Maximum output-swing 
bandwidth 
VO=VOH, 
eL = 20 pF, 
RL=100kQ 
DoC 
60 
kHz 


lOoe 
50 


25°C 
525 


61 
Unity-gain bandwidth 
VI=10mV, 
eL = 20 pF 
DoC 
600 
kHz 


lOoe 
400 


25°C 
40° 


<l>m 
Phase margin 
VI = 10 mY. 
1=61. 
eL = 20 pF 
ooe 
41° 


lOoe 
39° 


TLC251 C, TLC251 AC, 


PARAMETER 
TEST CONDITIONS 
TA 
TLC251BC 
UNIT 


MIN 
TYP 
MAX 


25°C 
0.62 


VI(PP)= 
1 V 
ooe 
0.67 


SR 
70°C 
0.51 
Slew rate at unity gain 
RL = 100 kQ, 
eL=20pF 
V/lJ.S 
25°C 
0.56 


VJ(PP) = 5.5 V 
ooe 
0.61 


70°C 
0.46 


Vn 
Equivalent input noise voltage 
1= 1 kHz. 
RS=20Q 
25°C 
32 
nV/..JHZ 


25°C 
35 


60M 
Maximum output-swing 
bandwidth 
VO=VOH. 
eL =20 pF, 
RL= 100 kQ 
ooe 
40 
kHz 


70°C 
30 


25°C 
635 


61 
Unity-gain bandwidth 
VI=10mV. 
eL =20 pF 
DoC 
710 
kHz 


70°C 
510 


25°C 
43° 


<l>m 
Phase margin 
VI=10mV. 
1=61, 
eL = 20 pF 
ooe 
44° 


70°C 
42° 
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TLC251C,TLC251AC,TLC251BC 


PARAMETER 
TEST 
TAt 
VDD 
=5 V 
VDD=10V 
UNIT 
CONDITIONS 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


25°C 
1.1 
10 
1.1 
10 
TLC251C 


VO=l.4V, 
Full range 
12 
12 


VIC =OV, 
25°C 
0.9 
5 
0.9 
5 
VIO 
Input offset voltage 
TLC251AC 
mV 
RS = 50 Q, 
Full range 
6.5 
6.5 
RL= 10 MQ 
25°C 
0.24 
2 
0.26 
2 
TLC251BC 
Full range 
3 
3 


Average temperature 
coefficient of 
25°C to 
1.1 
1 
IJ.vrc 
aVIO 
input offset voltage 
70°C 


Vo = VOO/2, 
25°C 
0.1 
0.1 
110 
Input offset current (see Note 4) 
VIC= 
Vool2 
70°C 
7 
300 
7 
300 
pA 


Vo=Vool2, 
25°C 
0.6 
0.7 
liB 
Input bias current (see Note 4) 
VIC=VOO/2 
70°C 
40 
600 
50 
600 
pA 


-0.2 
-0.3 
-0.2 
-0.3 
25°C 
to 
to 
to 
to 
V 


Common-mode 
input voltage 
4 
4.2 
9 
9.2 
VICR 
range (see Note 5) 
-0.2 
-0.2 
Full range 
to 
to 
V 
3.5 
8.5 


25°C 
3.2 
4.1 
8 
8.9 


VOH 
High-level output voltage 
VID= 
100 mV, 
O°C 
3 
4.1 
7.8 
8.9 
V 
RL= 
1 MQ 
70°C 
3 
4.2 
7.8 
8.9 


25°C 
0 
50 
0 
50 


VOL 
Low-level output voltage 
VIO = -100 
mY, 
O°C 
0 
50 
0 
50 
mV 
10L=0 
70°C 
0 
50 
0 
50 


25°C 
50 
520 
50 
870 


AVO 
Large-signal differential voltage 
RL = 1 MQ, 
O°C 
50 
700 
50 
1030 
V/mV 
amplification 
See Note 6 
70°C 
50 
380 
50 
660 


25°C 
65 
94 
65 
97 


CMRR 
Common-mode 
rejection ratio 
VIC = VrCRmin 
O°C 
60 
95 
60 
97 
dB 


70°C 
60 
95 
60 
97 


25°C 
70 
97 
70 
97 


kSVR 
Supply-voltage 
rejection ratio 
VOO = 5 V to 10 V, 
O°C 
60 
97 
60 
97 
dB 
(IlVOO/IlV,O) 
VO=l.4V 
70°C 
60 
98 
60 
98 


II(SEL} 
Input current (BIAS SELECT) 
VICSEL) = VOO 
25°C 
65 
95 
nA 


Vo = VOO/2, 
25°C 
10 
17 
14 
23 


100 
Supply current 
VIC=VOO/2, 
O°C 
12 
21 
18 
33 
IJ.A 
No load 
70°C 
8 
14 
11 
20 
t Full range is O°C to 70°C. 
NOTES: 
4. 
The typical values of input bias current and input offset current below 5 pA were determined mathematically. 
5. 
This range also applies to each input individually. 
6. 
At VOO = 5 V, Vo = 0.25 V to 2 V; at VOO = 10 V, Vo = 1 V to 6 V. 
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TLC251C, 
TLC251AC, 


PARAMETER 
TEST CONDITIONS 
TA 
TLC251BC 
UNIT 


MIN 
TYP 
MAX 


25°G 
0.03 


VI(PP) = 1 V 
OOG 
0.04 


700G 
0.03 
SR 
Slew rate at unity gain 
RL= 
1 MQ, 
GL = 20 pF 
V/Jls 
25°G 
0.03 


VI(PP) = 2.5 V 
OOG 
0.03 


700G 
0.02 


Vn 
Equivalent input noise voltage 
f = 1 kHz, 
RS =20 Q 
25°G 
68 
nV/-{Hz 


25°G 
5 


BOM 
Maximum output-swing 
bandwidth 
VO=VOH, 
CL = 20 pF, 
RL= 
1 MQ 
OOG 
6 
kHz 


700G 
4.5 


25°G 
85 


B1 
Unity-gain bandwidth 
VI=10mV, 
GL = 20 pF 
OOG 
100 
kHz 


700G 
65 


25°C 
34° 


<l>m 
Phase margin 
VI=10mV, 
f= B1, 
GL = 20 pF 
OOG 
36° 


70°C 
30° 


TLC251 C, TLC251 AC, 


PARAMETER 
TEST CONDITIONS 
TA 
TLC251BC 
UNIT 


MIN 
TYP 
MAX 


25°G 
0.05 


VI(PP) = 1 V 
OOG 
0.05 


700G 
0.04 
SR 
Slew rate at unity gain 
RL= 
1 MQ, 
CL = 20 pF 
V/Jls 
25°G 
0.04 


VI(PP) = 5.5 V 
OOG 
0.05 


70°C 
0.04 


Vn 
Equivalent input noise voltage 
f = 1 kHz, 
RS =20Q 
25°G 
68 
nV/-{Hz 


25°C 
1 


BOM 
Maximum output-swing 
bandwidth 
VO=VOH, 
GL = 20 pF, 
RL= 
1 MQ 
OOG 
1.3 
kHz 


700G 
0.9 


25°G 
110 


B1 
Unity-gain bandwidth 
VI=10mV, 
CL = 20 pF 
OOG 
125 
kHz 


70°C 
90 


25°G 
38° 


<l>m 
Phase margin 
VI=10mV, 
f= B1, 
GL = 20 pF 
OOG 
40° 


70°C 
34° 
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TLC251C, TLC251AC, 


PARAMETER 
TEST CONDITIONSt 
TA* 
BIAS 
TLC251BC 
UNIT 


MIN 
TYP 
MAX 


25°C 
10 
TLC251C 
Any 
Full range 
12 


Input offset 
25°C 
5 
VIO 
TLC251AC 
VO=0.2V, 
RS =50n 
Any 
mV 
voltage 
Full range 
6.5 


25°C 
2 
TLC251BC 
Any 
Full range 
3 


Average temperature 


cxVIO 
coefficient of input offset 
25°C to 70°C 
Any 
1 
JlV/oC 
voltage 


25°C 
1 
110 
Input offset current 
VO=0.2V 
Full range 
Any 
300 
pA 


25°C 
1 
liB 
Input bias current 
VO=0.2V 
Full range 
Any 
600 
pA 


Common-mode 
input 
0 


VICR 
25°C 
Any 
to 
V 
voltage range 
0.2 


YOM 
Peak output voltage 
VID = 100mV 
25°C 
Any 
450 
700 
mV 
swing§ 


Large-signal 
differential 
Low 
20 
AVD 
Vo = 100 to 300 mY, 
RS=50n 
25°C 
voltage amplification 
High 
10 


CMRR 
Common-mode 
rejection 
RS = 50 n, 
VO=0.2V, 
25°C 
Any 
60 
77 
dB 
ratio 
VIC = VICRmin 


Low 
5 
17 
IDD 
Supply current 
Vo = 0.2 V, 
No load 
25°C 
JlA 
High 
150 
190 
t All characteristics 
are measured under open-loop conditions with zero common-mode 
input voltage unless otherwise specified. Unless otherwise 
noted, an output load resistor is connected from the output to ground and has the following values: for low bias, RL = 1 Mn, for medium bias, 
RL = 100 kQ, and for high bias, RL = 10 kQ. 


:j: Full range is O°C to 70°C. 
§ The output swings to the potential of VDD_/GND. 


TLC251C, TLC251AC, 


PARAMETER 
TEST CONDITIONS 
BIAS 
TLC251BC 
UNIT 


MIN 
TYP 
MAX 


Low 
12 
B1 
Unity-gain bandwidth 
CL = 100 pF 
kHz 
High 
12 


Low 
0.001 
SR 
Slew rate at unity gain 
See Figure 1 
V/Jls 
High 
0.1 


Low 
35% 
Overshoot factor 
See Figure 1 
High 
30% 
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TLC251Y 


TEST CONDITIONS 
HIGH-BIAS 
MEDIUM-BIAS 
LOW-BIAS 
PARAMETER 
MODE 
MODE 
MODE 
UNIT 


MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


VO=l.4V, 


Via 
Input offset voltage 
VIC = OV, 
1.1 
10 
1.1 
10 
1.1 
10 
mV 
RS = 50 n, 
RLt 


Average temperature 


"via 
coefficient of input 
1.8 
1.7 
1.1 
IlV/oC 
offset voltage 


110 
Input offset current 
Va =vool2, 
0.1 
0.1 
0.1 
pA 
(see Note 4) 
VIC =Vool2 


liB 
Input bias current 
Va =Vool2, 
0.6 
0.6 
0.6 
pA 
(see Note 4) 
VIC = Vool2 


Common-mode 
input 
-0.2 
-0.3 
-0.2 
-0.3 
-0.2 
-0.3 


VICR 
voltage range 
to 
to 
to 
to 
to 
to 
V 


(see Note 5) 
4 
4.2 
4 
4.2 
4 
4.2 


VOH 
High-level output 
VIO = 100mV, 
3.2 
3.8 
3.2 
3.9 
3.2 
4.1 
V 
voltage 
RLt 


VOL 
Low-level output 
Vlo=-100mV, 
0 
50 
0 
50 
0 
50 
mV 
voltage 
10L=0 


Large-signal 
Va = 0.25 V, 


AVO 
differential voltage 
RLt 
5 
23 
25 
170 
50 
480 
V/mV 
amplification 


CMRR 
Common-mode 
VIC = VICRmin 
65 
80 
65 
91 
65 
94 
dB 
rejection ratio 


Supply-voltage 
VOO=5Vtol0V, 


kSVR 
rejection ratio 
65 
95 
70 
93 
70 
97 
dB 
(AVOO/AVIO) 
VO=l.4V 


II(SEL) 
Input current 
VI(SEL) = Vool2 
-1.4 
-0.13 
0.065 
IJ.A 
(BIAS SELECT) 


Va =Vool2, 
100 
Supply current 
VIC =VDoI2, 
675 
1600 
105 
280 
10 
17 
IJ.A 


No load 


t For high-bias mode, RL = 10 kQ; for medium-bias 
mode, RL = 100 kn; and for low-bias mode, RL = 1 MU 
NOTES: 
4. 
The typical values of input bias current and input offset current below 5 pA were determined 
mathematically. 
5. 
This range also applies to each input individually. 
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TLC251Y 


TEST CONDITIONS 
HIGH-BIAS 
MEDIUM-BIAS 
LOW-BIAS 
UNIT 
PARAMETER 
MODE 
MODE 
MODE 


MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


Slew rate at 
ALt. 
IVI(PPI= 
1 V 
3.6 
0.43 
0.03 
SA 
V/IlS 
unity gain 
CL = 20 pF 
IVI(PPI = 2.5 V 
2.9 
0.40 
0.03 


Vn 
Equivalent input 
f= 
1 kHz. 
RS=20Q 
25 
32 
68 
nV/VHZ 
noise voltage 


BOM 
Maximum output 
VO=VOH. 
CL =20 pF. 
320 
55 
4.5 
kHz 
swing bandwidth 
AL= 
10kQ 


B1 
Unity-gain 
VI = 10 mV. 
CL = 20 pF 
1700 
525 
65 
kHz 
bandwidth 


<Pm 
Phase margin 
f=B1. 
V,= 
10mV, 
46° 
40° 
34° 
CL = 20 pF 


RL 


1 MQ 
100 kQ 
10kQ 
t 
25kQ 


GND 


Low 
Medium 
High 


FIGURE 


vs Bias-select voltage 
3 
'DO 
Supply current 
vs Supply voltage 
4 
vs Free-air temperature 
5 


Low bias 
vs Frequency 
6 


AVO 
Large-signal differential voltage amplification 
Medium bias 
vs Frequency 
7 


High bias 
vs Frequency 
8 


Low bias 
vs Frequency 
6 


Phase shift 
Medium bias 
vs Frequency 
7 


High bias 
vs Frequency 
8 
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cl: 
1000 
::l. 


I;: 
~ 


'"() 
100 
,.. 
Q. 
Co 


'"l/) 
I 
CE 
10 


SUPPLY CURRENT 
vs 
BIAS-SELECT 
VOLTAGE 


I 


Vo = VIC = 0.2 Voo 
No Load 
TA = 25°C 


Vo 
= 16 V 


VOO=4 
V 


VOO= 1.4 V 
•... 


•.... 


- 


SUPPLY CURRENT 
vs 
SUPPLY VOLTAGE 


10000 


High-Bias Versions 


cl: 
1000 


::l. 
I;: 
l!!~ 
() 
100 
,.. 
Q. 
Co 


'"l/) 
I 
CE 
10 


cl: 
1000 
::l. 
I;: 
l!!~ 
() 
100 
,.. 
Q. 
Co 


'"l/) 
I 
g 
10 


o 
o 
2 
4 
6 
8 
10 
12 
14 
16 
18 
20 


VOO - Supply Voltage - V 


SUPPLY CURRENT 
vs 
FREE-AIR TEMPERATURE 


VOO=10V 
VIC=OV 
Vo = 2 V 
High-Bias Versions 
No Load 


o 
o 
10 
20 
30 
40 
50 
60 
70 
80 


TA - Free-Air Temperature - °C 


1 
10 


VB - Bias-Select Voltage - V 
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c: 
106 
0ii 
.!:! 
105 
:t: 
Q. 
E 
c:( 
104 
Qlen:l 
~ 
103 
i 
C 
102 
e 
~ 
101 
C 
I 
C> 
c:( 


0.1 


LOW-BIAS LARGE-SIGNAL 
DIFFERENTIAL 
VOLTAGE AMPLIFICATION 
AND PHASE SHIFT 
vs 
FREQUENCY 


VOO=10V 
c: 
106 
RL= 1 MQ 
0° 
0ii 
TA = 25°C 


.!:! 
105 
:t: 
30° 
Q. 
E 
c:( 
104 
60° 
Ql 
:: 
en:l 
:E 
~ 


VI 
103 
90° 
Ql 
III 
:! 
co 
.s: 
C 
102 
1200 l1. 
e 
~c 
101 
150° 
Ic> 
180° 
c:( 


0.1 
0.1 
10 
100 
1 k 
10 k 
100 k 


Figure 6 


MEDIUM-BIAS 
LARGE-SIGNAL 
DIFFERENTIAL 
VOLTAGE AMPLIFICATION 
AND PHASE SHIFT 
vs 
FREQUENCY 


VOO=10V 
RL=1OOkQ 
0° 


TA=25°C 


60° 
:: 
:E 
VI 
goo 
= 
co.s: 
1200 l1. 
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HIGH-BIAS lARGE-SIGNAL 
DIFFERENTIAL VOLTAGE AMPLIFICATION 
AND PHASE SHIFT 
vs 
FREQUENCY 


Voo= 
10V 
l: 
106 
RL=10kQ 
0° 
0:; 
TA = 25°C 
~ 
105 
30° 
C. 
E 
c( 
104 
60° 


•• 
:: 
Ol 
:E 
J!! 
en 
;g 
103 
90° 
••en 
'" 
0; 
J: 
E 
102 
0- 


~ 
120° 


••:: 
i5 
101 
150° 


Ic> 
180° 
c( 


0.1 
10 
100 
1 k 
10 k 
100 k 
1 M 
10M 


Frequency 
- Hz 


Figure 8 


latch-up 
avoidance 


Junction-isolated 
CMOS circuits 
have an inherent 
parasitic 
PNPN structure 
that can function 
as an SCR. Under 
certain conditions, 
this SCR may be triggered 
into a low-impedance 
state, resulting 
in excessive 
supply current. 


To avoid such conditions, 
no voltage 
greater 
than 0.3 V beyond 
the supply 
rails should 
be applied 
to any pin. 
In general, 
the operational 
amplifier 
supplies 
should 
be applied 
simultaneously 
with, or before, 
application 
of 
any input signals. 
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using BIAS SELECT 


The TLC251 has a terminal called BIAS SELECT that allows the selection of one of three 100 conditions (10, 
150, and 1000 IJ.Atypical). This allows the user to trade-off power and ac performance. As shown in the typical 
supply current (100) versus supply voltage (Voo) curves (Figure 4), the 100 varies only slightly from 4 V to 16 
V. Below 4 V, the 100 varies more significantly. Note that the 100 values in the medium- and low-bias modes at 
V00 = 1.4 V are typically 2 IJ.A,and in the high mode are typically 12 IJ.A.The following table shows the 
recommended BIAS SELECT connections at Voo = 10 V. 


BIAS MODE 
AC PERFORMANCE 
BIAS SELECT 
TYPICAL 
100* 
CONNECTIONt 


Low 
Low 
voo 
10IlA 
Medium 
Medium 
0.8 Vto 9.2 V 
150 IlA 
High 
High 
Ground pin 
1000 IlA 
t Bias selection may also be controlled by external circuitry to conserve power, etc. 


For 
information 
regarding 
BIAS 
SELECT, 
see 
Figure 3 
in 
the 
typical 


characteristics 
curves. 


:j: For 'DO characteristics 
at voltages other than 10 V, see Figure 4 in the typical 
characteristics 
curves. 


output stage considerations 


The amplifier's output stage consists of a source-follower-connected 
pullup transistor and an open-drain 
pulldown transistor. The high-level output voltage (VOH) is virtually independent of the 100 selection and 
increases with higher values of Voo and reduced output loading. The low-level output voltage (Vall decreases 
with reduced output current and higher input common-mode voltage. With no load, VOL is essentially equal to 
the potential of Voo_/GND. 


input offset nulling 


The TLC251 C series offers external offset null control. Nulling may be achieved by adjusting a 25-kQ 
potentiometer connected between the offset null terminals with the wiper connected to the device Voo_/GND 
pin as shown in Figure 2. The amount of nulling range varies with the bias selection. At an 100 setting of 
1000 IJ.A(high bias), the nulling range allows the maximum offset specified to be trimmed to zero. In low or 
medium bias or when the amplifier is used below 4 V, total nulling may not be possible for all units. 


supply configurations 


Even though the TLC251 C series is characterized for single-supply operation, it can be used effectively in a 
split-supply configuration when the input common-mode voltage (VieR), output swing (VOL and VOH), and 
supply voltage limits are not exceeded. 


circuit layout precautions 


The user is cautioned that whenever extremely high circuit impedances are used, care must be exercised in 
layout, construction, board cleanliness, and supply filtering to avoid hum and noise pickup, as well as excessive 
dc leakages. 
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• 
A-Suffix Versions Offer 5-mV VIO 


• 
B-Suffix Versions Offer 2-mV VIO 
• 
Wide Range of Supply Voltages 
1.4 V to 16 V 


• 
True Single-Supply 
Operation 
• 
Common-Mode 
Input Voltage Includes the 
Negative Rail 


• 
Low 
Noise ... 
30 nVl~ 
Typ at f = 1 kHz 
(High-Bias Versions) 


o OR P PACKAGE 
(TOP VIEW) 


10UTDs 
VDD 
11N- 
2 
7 
20UT 


11N+ 
3 
6 
21N- 


VDD_/GND 
4 
5 
21N+ 


The 
TLC252, 
TLC25L2, 
and 
TLC25M2 
are 
low-cost, low-power dual operational amplifiers 
designed to operate with single or dual supplies. 
These 
devices 
utilize the Texas Instruments 
silicon gate LinCMOSTMprocess, giving them stable input offset voltages that are available in selected grades 
of 2,5, or 10 mV maximum, very high input impedances, and extremely low input offset and bias currents. 
Because the input common-mode range extends to the negative rail and the power consumption is extremely 
low, this series is ideally suited for battery-powered or energy-conserving applications. The series offers 
operation down to a 1.4-V supply, is stable at unity gain, and has excellent noise characteristics. 


These devices have internal electrostatic-discharge (ESD) protection circuits that prevent catastrophic failures 
at voltages up to 2000 V as tested under MIL-STD-883C, Method 3015.1. However, care should be exercised 
in handling these devices as exposure to ESD may result in a degradation of the device parametric 
performance. 


IN +=t>- 
OUT 
IN- 
- 


PACKAGED 
DEVICES 


TA 
VIOmax 
CHIP FORM 
AT 25°C 
SMALL 
OUTLINE 
PLASTIC 
DIP 
(Y) 
(D) 
(P) 


10mV 
TLC252CD 
TLC252CP 
TLC252Y 
5mV 
TLC252ACD 
TLC252ACP 
- 
2mV 
TLC252BCD 
TLC252BCP 
- 


10mV 
TLC25L2CD 
TLC25L2CP 
TLC25L2Y 
O°C to 70°C 
5mV 
TLC25L2ACD 
TLC25L2ACP 
- 
2mV 
TLC25L2BCD 
TLC25L2BCP 
- 


10mV 
TLC25M2CD 
TLC25M2CP 
TLC25M2Y 
5mV 
TLC25M2ACD 
TLC25M2ACP 
- 
2mV 
TLC25M2BCD 
TLC25M2BCP 
- 


~TEXAS 
INSTRUMENTS 


description 
(continued) 


Because of the extremely high input impedance and low input bias and offset currents, applications for the 
TLC252/25_2 series include many areas that have previously been limited to BIFET and NFET product types. 
Any circuit using high-impedance elements and requiring small offset errors is a good candidate for 
cost-effective use of these devices. Many features associated with bipolar technology are available with 
LinCMOSTMoperational amplifiers without the power penalties of traditional 
bipolar devices. General 
applications such as transducer interfacing, analog calculations, amplifier blocks, active filters, and signal 
buffering are all easily designed with the TLC252/25_2 series devices. Remote and inaccessible equipment 
applications are possible using their low-voltage and low-power capabilities. The TLC252/25_2 series is well 
suited to solve the difficult problems associated with single-battery and solar-cell-powered applications. This 
series includes devices that are characterized for the commercial temperature range and are available in 8-pin 
plastic dip and the small-outline package. The device is also available in chip form. 


The TLC252/25_2 series is characterized for operation from QOCto 7QoC. 


~TEXAS 
INSTRUMENTS 


TLC252,TLC252A, 
TLC252B,TLC252~ 
TLC25L2,TLC25L2A, 
TLC25L2B 
TLC25L2Y, TLC25M2, TLC25M2A, TLC25M2B, TLC25M2Y 
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These chips, properly assembled, display characteristics similar to the TLC252/25_2. Thermal compression 
or ultrasonic bonding may be used on the doped-aluminum bonding pads. Chips may be mounted with 
conductive epoxy or a gold-silicon preform. 


14 
73 
~ 


1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1' 


(3) 
l1N+ 


(2) 
lOUT 
l1N- 


21N+ 
20UT 
(6) 
21N- 


CHIP THICKNESS: 
15 TYPICAL 


BONDING 
PADS: 4 x 4 MINIMUM 


TJMAX = 150°C 


TOLERANCES 
ARE ±10%. 


ALL DIMENSIONS 
ARE IN MILS. 


PIN (4) IS INTERNALLY 
CONNECTED 
TO BACKSIDE 
OF CHIP. 
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TLC252,TLC252A,TLC2528, TLC252~ TLC25L2,TLC25L2A, TLC25L28 
TLC25L2~TLC25M2,TLC25M2A,TLC25M28,TLC25M2Y 
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 


Supply voltage, Voo (see Note 1) 
18 V 
Differential input voltage, VIO (see Note 2) 
±18 V 
Input voltage range, VI (any input) 
-0.3 V to 18 V 
Duration of short circuit at (or below) 25°C free-air temperature (see Note 3) 
unlimited 
Continuous total dissipation 
See Dissipation Rating Table 
Operating free-air temperature range, TA 
O°Cto 70°C 
Storage temperature range 
-65°C to 150°C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds 
260°C 
t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended 
operating conditions" 
is not 
implied. Exposure to absolute-maxi mum-rated conditions for extended periods may affect device reliability. 
NOTES: 
1. 
All voltage values, except differential voltages, are with respect to VDD_/GND. 


2. 
Differential voltages are at IN+, with respect to IN-. 


3. 
The output may be shorted to either supply. Temperature and/or supply voltages must be limited to ensure the maximum dissipation 
rating is not exceeded. 


DISSIPATION 
RATING TABLE 


PACKAGE 
TA s 25°C 
DERATING 
FACTOR 
TA=70°C 
POWER RATING 
ABOVE TA = 25°C 
POWER RATING 


D 
725mW 
5.8 mW/oC 
464mW 


p 
1000mW 
8.0 mW/oC 
640mW 


MIN 
MAX 
UNIT 


Supply voltage, VDD 
1.4 
16 
V 


VDD = 1.4 V 
0 
0.2 


VDD =5 V 
-0.2 
4 
Common-mode 
input voltage, VIC 
V 
VDD = 10V 
-0.2 
9 


VDD=16V 
-0.2 
14 


Operating free-air temperature, 
TA 
0 
70 
°c 


~TEXAS 
INSTRUMENTS 


TLC252,TLC252A,TLC252B,TLC252~TLC25L2,TLC25L2A, 
TLC25L2B 
TLC25L2Y, TLC25M2, TLC25M2A, TLC25M2B, TLC25M2Y 
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TEST CONDITIONSt 
TLC252_C 
TLC25L2_C 
TLC25M2_C 


UNIT 
PARAMETER 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


25°C 
10 
10 
10 


TLC25_2C 
O°C to 
12 
12 
12 
70°C 


Input 
25°C 
5 
5 
5 


VIO 
offset 
TLC25_2AC 
Vo = 0.2 V, 


O°Cto 
mV 
voltage 
RS = 50 n 
70°C 
6.5 
6.5 
6.5 


25°C 
2 
2 
2 


TLC25_2BC 
O°Cto 
3 
3 
3 
70°C 


Average temperature 
25°C 


aVIO 
coefficient of input 
to 
1 
1 
1 
JlV/oC 
offset voltage 
70°C 


25°C 
1 
1 
1 


110 
Input offset current 
VO=0.2V 
O°Cto 
300 
300 
300 
pA 


70°C 


25°C 
1 
1 
1 


liB 
Input bias current 
Vo = 0.2 V 
O°C to 
600 
600 
600 
pA 


70°C 


VICR 
Common-mode 
input 
25°C 
Oto 
Oto 
Oto 
V 
voltage range 
0.2 
0.2 
0.2 


YOM 
Peak output voltage 
VIO= 
100 mV 
25°C 
450 
700 
450 
700 
450 
700 
mV 
swing:!: 


Large-signal 
Vo = 100 to 300 mY, 


AVO 
differential voltage 
25°C· 
10 
20 
20 
V/mV 
amplification 
RS = 50 n 


CMRR 
Common-mode 
VO=0.2V, 
25°C 
60 
77 
60 
77 
60 
77 
dB 
rejection ratio 
VIC = VICRmin 


100 
Supply current 
VO=0.2V, 
25°C 
300 
375 
25 
34 
200 
250 
JlA 
No load 


t All characteristics 
are measured under open-loop conditions with zero common-mode 
input voltage unless otherwise specified. Unless otherwise 
noted, an output load resistor is connected from the output to ground and has the following value: for low bias RL = 1 MQ, for medium bias 
RL = 100 kQ, and for high bias RL = 10 kQ. 


:!:The output swings to the potential of VOO_/GNO. 


PARAMETER 
TEST CONDITIONS 


TLC252_C 
TLC25L2_C 
TLC25M2_C 


MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
UNIT 


AV = 40 dB, 


B1 
Unity-gain bandwidth 
CL = 10 pF, 
12 
12 
12 
kHz 
RS = 50n 


SR 
Slew rate at unity gain 
See Figure 1 
0.1 
0.001 
0.01 
V/Jls 


Overshoot factor 
See Figure 1 
30% 
35% 
35% 
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INSTRUMENTS 


TLC252, TLC252A, TLC252B,TLC252~TLC25L2,TLC25L2A,TLC25L2B 
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TLC252C, TLC252AC, 


PARAMETER 
TEST CONDITIONS 
TAt 
TLC252BC 
UNIT 


MIN 
TYP 
MAX 


Vo = 1.4 V, 
VIC=O. 
25°C 
1.1 
10 
TLC252C 
RS = 50 n, 
RL = 10 kQ 
Full range 
12 


VO=1.4V, 
VIC=O. 
25°C 
0.9 
5 
VIO 
Input offset voltage 
TLC252AC 
mV 
RS = 50 n, 
RL= 
10 kQ 
Full range 
6.5 


VO=1.4V, 
VtC=O. 
25°C 
0.23 
2 
TLC252BC 
RS=50n, 
RL= 
10 kQ 
Full range 
3 


aVIO 
Average temperature 
coefficient of 
25°C to 70°C 
1.8 
llV/oC 
input offset voltage 


25°C 
0.1 
110 
Input offset current (see Note 4) 
VO=2.5V, 
VIC =2.5 V 
70°C 
7 
300 
pA 


25°C 
0.6 
liB 
Input bias current (see Note 4) 
VO=2.5V, 
VIC=2.5 
V 
70°C 
40 
600 
pA 


-0.2 
-0.3 
25°C 
to 
to 
V 


Common-mode 
input voltage 
4 
4.2 
VICR 
range (see Note 5) 
-0.2 
Full range 
to 
V 
3.5 


1 
25°C 
3.2 
3.8 


VOH 
High-level output voltage 
VtO = 100mV. 
RL=10kQ 
O°C 
3 
3.8 
V 


70°C 
3 
3.8 


25°C 
0 
50 


VOL 
Low-level output voltage 
VIO =-100 
mV, 
10L=0 
O°C 
0 
50 
mV 


70°C 
0 
50 


25°C 
5 
23 


AVO 
Large-signal differential voltage 
VO=0.25Vt02V, 
RL= 
10 kQ 
O°C 
4 
27 
V/mV 
amplification 
70°C 
4 
20 


25°C 
65 
80 


CMRR 
Common-mode 
rejection ratio 
VIC = VICRmin 
O°C 
60 
84 
dB 


70°C 
60 
85 


25°C 
65 
95 


kSVR 
Supply-voltage 
rejection ratio 
VOO = 5 V to 10 V, 
VO=1.4V 
O°C 
60 
94 
dB 
(AVoo/tNOO) 


70°C 
60 
96 


25°C 
1.4 
3.2 


100 
Supply current (two amplifiers) 
VO=2.5V, 
VIC=2.5 
V, 


O°C 
1.6 
3.6 
mA 
No load 
70°C 
1.2 
2.6 
t Full range is O°C to 70°C. 
NOTES: 
4. 
The typical values of input bias current and input offset current below 5 pA were determined mathematically. 


5. 
This range also applies to each input individually. 


~TEXAS 
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TLC252C,TLC252AC, 


PARAMETER 
TEST CONDITIONS 
TAt 
TLC252BC 
UNIT 


MIN 
TYP 
MAX 


VA = 1.4 V, 
VIC=O, 
25°C 
1.1 
10 
TLC252C 
RS = 50 n, 
RL=10kn 
Full range 
12 


VA = 1.4 V, 
VIC=O, 
25°C 
0.9 
5 
Via 
Input offset voltage 
TLC252AC 
mV 
RS=50n, 
RL=10kQ 
Full range 
6.5 


VO=1.4V, 
VIC=O, 
25°C 
0.29 
2 
TLC252BC 
RS = 50 n. 
RL = 10 kn 
Full range 
3 


aVIO 
Average temperature 
coefficient of input 
25°C to 70°C 
2 
IlV/0C 
offset voltage 


25°C 
0.1 
110 
Input offset current (see Note 4) 
VO=2.5V, 
VIC =2.5 V 
70°C 
7 
300 
pA 


25°C 
0.6 


liB 
Input bias current (see Note 4) 
Va =2.5 V, 
VIC=2.5 
V 
70°C 
50 
600 
pA 


-0.2 
-0.3 
25°C 
to 
to 
V 


Common-mode 
input voltage 
9 
9.2 
VICR 
range (see Note 5) 
-0.2 
Full range 
to 
V 
8.5 


25°C 
8 
8.5 


VOH 
High-level output voltage 
VIO= 
100mV, 
RL = 10 kn 
O°C 
8 
8.5 
V 


70°C 
7.8 
8.4 


25°C 
0 
50 


VOL 
Low-level output voltage 
VIO=-100mV, 
10L=0 
O°C 
0 
50 
mV 


70°C 
0 
50 


25°C 
10 
36 


AVO 
Large-signal differential voltage 
VO=1Vt06V, 
RL = 10 kn 
O°C 
7.5 
42 
V/mV 
amplification 
70°C 
7.5 
32 


25°C 
65 
85 


CMRR 
Common-mode 
rejection ratio 
VIC = VICRmin 
O°C 
60 
88 
dB 


70°C 
60 
88 


25°C 
65 
95 


kSVR 
Supply-voltage 
rejection ratio 
VOO = 5 V to 10 V, 
VO=1.4V 
O°C 
60 
94 
dB 
(tNOO/t.VOO) 


70°C 
60 
96 


25°C 
1.9 
4 


100 
Supply current (two amplifiers) 
Va = 5 V, 
V,C =5 V, 
O°C 
2.3 
4.4 
mA 
No load 
70°C 
1.6 
3.4 
t Full range is O°C to 70°C. 
NOTES: 
4. 
The typical values of input bias current and input offset current below 5 pA were determined mathematically. 


5. 
This range also applies to each input individually. 
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TLC252C, 
TLC252AC, 


PARAMETER 
TEST CONDITIONS 
TA 
TLC252BC 
UNIT 


MIN 
TYP 
MAX 


25°C 
3.6 


VI(PP) = 1 V 
O°C 
4 


RL = 10 kn, 
CL =20 pF, 
70°C 
3 
SR 
Slew rate at unity gain 
V/JlS 
See Figure 1 
25°C 
2.9 


VI(PP) = 2.5 V 
O°C 
3.1 


70°C 
2.5 


Vn 
Equivalent input noise voltage 
1= 1 kHz, 
RS = 20 Q, 
See Figure 2 
25°C 
25 
nV/-./HZ 


25°C 
320 


BOM 
Maximum output-swing 
bandwidth 
VO=VOH, 
CL = 20 pF, 
RL = 100 kn, 
O°C 
340 
kHz 
See Figure 
70°C 
260 


25°C 
1.7 


B1 
Unity-gain bandwidth 
VI = 10 mV, 
CL = 20 pF, 
See Figure 3 
O°C 
2 
MHz 


70°C 
1.3 


25°C 
46° 


~m 
Phase margin 
VI=10mV, 
I=B1, 
CL = 20 pF, 
O°C 
47° 
See Figure 3 
70°C 
43° 


TLC252C, 
TLC252AC, 


PARAMETER 
TEST CONDITIONS 
TA 
TLC252BC 
UNIT 


MIN 
TYP 
MAX 


25°C 
5.3 


VI(PP) = 1 V 
O°C 
5.9 


SR 
Slew rate at unity gain 
RL = 10 kn, 
CL = 20 pF, 
70°C 
4.3 


See Figure 1 
25°C 
4.6 
V/IlS 


VI(PP) = 5.5 V 
O°C 
5.1 


70°C 
3.8 


Vn 
Equivalent input noise voltage 
1= 1 kHz, 
RS =20 
Q, 
See Figure 2 
25°C 
25 
nV/-./HZ 


25°C 
200 


BOM 
Maximum output-swing 
bandwidth 
VO=VOH, 
CL =20 pF, 
RL = 100 kn, 
O°C 
220 
kHz 
See Figure 1 
70°C 
140 


25°C 
2.2 


B1 
Unity-gain bandwidth 
VI = 10 mV, 
CL =20 pF, 
See Figure 3 
O°C 
2.5 
MHz 


70°C 
1.8 


25°C 
49° 


~m 
Phase margin 
VI = 10mV, 
I=B1, 
CL =20 pF, 
O°C 
50° 
See Figure 3 
70°C 
46° 
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TLC25L2C 


TAt 
TLC25L2AC 
PARAMETER 
TEST CONDITIONS 
TLC25L2BC 
UNIT 


MIN 
TYP 
MAX 


Vo = 1.4 V, 
VIC=O, 
25°C 
1.1 
10 
TLC252C 
RS = 50 Q, 
RL= 
1 MQ 
Full range 
12 


Vo = 1.4 V, 
VIC=O, 
25'C 
0.9 
5 
VIO 
Input offset voltage 
TLC252AC 
mV 
RS=50Q, 
RL= 
1 MQ 
Full range 
6.5 


VO=1.4V, 
VIC=O, 
25'C 
0.204 
2 
TLC252BC 
RS = 50 Q, 
RL= 
1 MQ 
Full range 
3 


aVIO 
Average temperature 
coefficient of 
25°C to 70°C 
1.1 
V-V/oC 
input offset voltage 


25°C 
0.1 
110 
Input offset current (see Note 4) 
VO=2.5V, 
VIC=2.5 
V 
70°C 
7 
300 
pA 


25°C 
0.6 
liB 
Input bias current (see Note 4) 
VO=2.5V, 
VIC=2.5 
V 
70°C 
50 
600 
pA 


-0.2 
-0.3 
25°C 
to 
to 
V 


Common-mode 
input voltage 
4 
4.2 
VICR 
range (see Note 5) 
-0.2 
Full range 
to 
V 
3.5 


25°C 
3.2 
4.1 


VOH 
High-level output voltage 
VIO = 100 mY, 
RL= 
1 MQ 
O°C 
3 
4.1 
V 


70°C 
3 
4.2 


25°C 
0 
50 


VOL 
Low-level output voltage 
VIO=-100mV, 
10L=0 
O°C 
0 
50 
mV 


70°C 
0 
50 


25°C 
50 
700 


AVO 
Large-signal differential voltage 
Vo = 0.25 V to 2 V, 
RL= 
1 MQ 
O°C 
50 
700 
V/mV 
amplification 
70°C 
50 
380 


25°C 
65 
94 


CMRR 
Common-mode 
rejection ratio 
VIC = VICRmin 
O°C 
60 
95 
dB 


70°C 
60 
95 


25°C 
70 
97 


kSVR 
Supply-voltage 
rejection ratio 
VOO = 5 V to 10 V, 
VO=1.4V 
O°C 
60 
97 
dB 
(~VOO/~VOO) 
70°C 
60 
98 


25°C 
20 
34 


100 
Supply current (two amplifiers) 
VO=2.5V, 
VIC =2.5 V, 
O°C 
24 
42 
v-A 
No load 
70°C 
16 
28 
t Full range is O°C to 70°C. 
NOTES: 
4. 
The typical values of input bias current and input offset current below 5 pA were determined 
mathematically. 
5. 
This range also applies to each input individually. 
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TLC25L2C 


TAt 
TLC25L2AC 
PARAMETER 
TEST CONDITIONS 
TLC25L2BC 
UNIT 


MIN 
TYP 
MAX 


Vo = 1.4 V, 
VIC=O, 
25°C 
1.1 
10 
TLC252C 
RS=50Q, 
RL= 
1 MQ 
Full range 
12 


VO=1.4V, 
VIC=O, 
25°C 
0.9 
5 
VIO 
Input offset voltage 
TLC252AC 
mV 
RS = 50 Q, 
RL= 
1 MQ 
Full range 
6.5 


VO=1.4V, 
VIC=O, 
25°C 
0.235 
2 
TLC252BC 
RS =50Q, 
RL= 
1 MQ 
Full range 
3 


aVIO 
Average temperature 
coefficient of 
25°C to 70°C 
1 
JlV/oC 
input offset voltage 


25°C 
0.1 
110 
Input offset current (see Note 4) 
Vo = 5 V, 
VIC = 5 V 
70°C 
8 
300 
pA 


liB 
25°C 
0.7 
Input bias current (see Note 4) 
Vo= 
5 V, 
VIC = 5 V 
70°C 
pA 
50 
600 


-0.2 
-0.3 
25°C 
to 
to 
V 


Common-mode 
input voltage 
9 
9.2 
VICR 
range (see Note 5) 
-0.2 
Full range 
to 
V 
8.5 


25°C 
8 
8.9 


VOH 
High-level output voltage 
VIO = 100 mV, 
RL= 
1 MQ 
O°C 
7.8 
8.9 
V 


70°C 
7.8 
8.9 


25°C 
0 
50 


VOL 
Low-level output voltage 
VIO=-100mV, 
IOL=O 
O°C 
0 
50 
mV 


70°C 
0 
50 


25°C 
50 
860 


AVO 
Large-signal 
differential voltage 
VO=1Vt06V, 
RL= 
1 MQ 
O°C 
50 
1025 
V/mV 
amplification 
70°C 
50 
660 


25°C 
65 
97 


CMRR 
Common-mode 
rejection ratio 
VIC = VICRmin 
O°C 
60 
97 
dB 


70°C 
60 
97 


25°C 
70 
97 


kSVR 
Supply-voltage 
rejection ratio 
VOO=5Vt010V, 
VO=1.4V 
O°C 
60 
97 
dB 
(8Voo/8VOO) 
70°C 
60 
98 


25°C 
29 
46 


100 
Supply current (two amplifiers) 
Vo = 5 V, 
VIC =5 V, 
O°C 
36 
66 
JlA 
No load 
70°C 
22 
40 
t Full range 
IS O°C to 70°C. 


NOTES: 
4. 
The typical values of input bias current and input offset current below 5 pA were determined 
mathematically. 
5. 
This range also applies to each input individually. 
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TLC25L2C 
TLC25L2AC 
PARAMETER 
TEST CONDITIONS 
TA 
TLC25L2BC 
UNIT 


MIN 
TYP 
MAX 


25°C 
0.03 


VI(PP) = 1 V 
ooe 
0.04 


RL = 1 MQ, 
eL = 20 pF, 
looe 
0.03 
SR 
Slew rate at unity gain 
V/llS 
See Figure 1 
25°C 
0.03 


VI(PP) = 2.5 V 
ooe 
0.03 


lOoe 
0.02 


Vn 
Equivalent input noise voltage 
1= 1 kHz, 
RS = 20 Q, 
See Figure 2 
25°C 
68 
nV/VHZ 


25°C 
5 


BOM 
Maximum output-swing 
VO=VOH, 
eL = 20 pF, 
RL = 1 MQ, 
ooe 
6 
kHz 
bandwidth 
See Figure 
lOoe 
4.5 


25°C 
85 


81 
Unity-gain bandwidth 
VI=10mV, 
eL = 20 pF, 
See Figure 3 
ooe 
100 
MHz 


lOoe 
65 


25°C 
34° 


<l>m 
Phase margin 
VI=10mV, 
1=81, 
eL = 20 pF, 
ooe 
36° 
See Figure 3 
lOoe 
30° 


TLC25L2C 
TLC25L2AC 
PARAMETER 
TEST CONDITIONS 
TA 
TLC25L2BC 
UNIT 


MIN 
TYP 
MAX 


25°C 
0.05 


VJ(PP) = 1 V 
ooe 
0.05 


RL = 1 MQ, 
eL = 20 pF, 
lOoe 
0.04 
SR 
Slew rate at unity gain 
V/llS 
See Figure 1 
25°C 
0.04 


VI(PP) = 5.5 V 
ooe 
0.05 


lOoe 
0.04 


Vn 
Equivalent input noise voltage 
1= 1 kHz, 
RS = 20 Q, 
See Figure 2 
25°C 
68 
nV/VHZ 


25°C 
1 


80M 
Maximum output-swing 
VO=VOH, 
eL = 20 pF, 
RL = 1 MQ, 
ooe 
1.3 
kHz 
bandwidth 
See Figure 1 
lOoe 
0.9 


25°C 
110 


81 
Unity-gain bandwidth 
VI=10mV, 
eL = 20 pF, 
See Figure 3 
ooe 
125 
MHz 


lOoe 
90 


25°C 
38° 


<l>m 
Phase margin 
VI = 10 mY, 
1=81, 
eL = 20 pF, 
ooe 
40° 
See Figure 3 
lOoe 
34° 
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INSTRUMENTS 


TLC252,TLC252A,TLC252B,TLC252~TLC25L2,TLC25L2A,TLC25L2B 
TLC25L2~TLC25M2,TLC25M2A,TLC25M2B,TLC25M2Y 
LinCMOSTM DUAL OPERATIONAL 
AMPLIFIERS 
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AUGUST 
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TLC25M2C 


TAt 
TLC25M2AC 
PARAMETER 
TEST CONDITIONS 
TLC25M2BC 
UNIT 


MIN 
TYP 
MAX 


Vo = 1.4 V, 
VIC=O, 
25°C 
1.1 
10 
TLC252C 
RS= 50n, 
RL = 100 kn 
Full range 
12 


VO=1.4V, 
VIC=O, 
25°C 
0.9 
5 
VIO 
Input offset voltage 
TLC252AC 
mV 
RS =50n, 
RL=100kn 
Full range 
6.5 


VO=1.4V, 
VIC=O, 
25°C 
0.22 
2 
TLC252BC 
RS = 50 n, 
RL=100kn 
Full range 
3 


aVIO 
Average temperature 
coefficient of 
25°C to 70°C 
1.7 
~V/oC 
input offset voltage 


25°C 
0.1 
110 
Input offset current (see Note 4) 
VO=2.5V, 
VIC =2.5 V 
70°C 
300 
pA 
7 


25°C 
0.6 
liB 
Input bias current (see Note 4) 
VO=2.5V, 
VIC =2.5 V 
70°C 
600 
pA 
40 


-0.2 
-0.3 
25°C 
to 
to 
V 


Common-mode 
input voltage 
4 
4.2 
VICR 
range (see Note 5) 
-0.2 
Full range 
to 
V 
3.5 


25°C 
3.2 
3.9 


VOH 
High-level output voltage 
VID= 
100 mY, 
RL = 100 kn 
O°C 
3 
3.9 
V 


70°C 
3 
4 


25°C 
0 
50 


VOL 
Low-level output voltage 
VID = -100 
mY, 
10L=0 
O°C 
0 
50 
mV 


70°C 
0 
50 


25°C 
25 
170 


AVD 
Large-signal differential voltage 
Vo = 0.25 V to 2 V, 
RL=100kn 
O°C 
15 
200 
V/mV 
amplification 
70°C 
15 
140 


25°C 
65 
91 


CMRR 
Common-mode 
rejection ratio 
VIC = VICRmin 
O°C 
60 
91 
dB 


70°C 
60 
92 


25°C 
70 
93 


kSVR 
Supply-voltage 
rejection ratio 
VDD = 5 V to 10 V, 
VO=1.4V 
O°C 
60 
92 
dB 
(~VDD/~VDD) 
70°C 
60 
94 


25°C 
210 
560 


IDD 
Supply current (two amplifiers) 
VO=2.5V, 
VIC =2.5 V, 
O°C 
250 
640 
l!A 
No load 
70°C 
170 
440 
t Full range is O°C to 70°C. 
NOTES: 
4. 
The typical values of input bias current and input offset current below 5 pA were determined 
mathematically. 
5. 
This range also applies to each input individually. 
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TLC252,TLC252A, 
TLC252B, TLC252~TLC25L2,TLC25L2A, TLC25L2B 
TLC25L2~TLC25M2,TLC25M2A,TLC25M2B,TLC25M2Y 
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TLC25M2C 


TAt 
TLC25M2AC 
PARAMETER 
TEST CONDITIONS 
TLC25M2BC 
UNIT 


MIN 
TYP 
MAX 


VO=1.4V, 
VIC=O, 
25°C 
1.1 
10 
TLC252C 
RS=50Q, 
RL = 100 k.Q 
Full range 
12 


VO=1.4V, 
VIC=O, 
25°C 
0.9 
5 
VIO 
Input offset voltage 
TLC252AC 
mV 
RS = 50 Q, 
RL = 100 k.Q 
Full range 
6.5 


VO=1.4V, 
VIC=O, 
25°C 
0.224 
2 
TLC252BC 
RS = 50 Q, 
RL = 100 kQ 
Full range 
3 


aVIO 
Average temperature 
coefficient of 
25°C to 70°C 
2.1 
llV!OC 
input offset voltage 


25°C 
0.1 
110 
Input offset current (see Note 4) 
Vo = 5 V, 
VIC = 5 V 
70°C 
7 
300 
pA 


25°C 
0.7 
liB 
Input bias current (see Note 4) 
Vo = 5 V, 
VIC = 5 V 
70°C 
50 
600 
pA 


-0.2 
-0.3 
25°C 
to 
to 
V 


Common-mode 
input voltage 
9 
9.2 
VICR 
range (see Note 5) 
-0.2 
Full range 
to 
V 
8.5 


25°C 
8 
8.7 


VOH 
High-level output voltage 
VIO= 
1oomV, 
RL = 100 k.Q 
O°C 
7.8 
8.7 
V 


70°C 
7.8 
8.7 


25°C 
0 
50 


VOL 
Low-level output voltage 
VIO = -100 
mV, 
10L=0 
O°C 
0 
50 
mV 


70°C 
0 
50 


25°C 
25 
275 


AvO 
Large-signal differential voltage 
Vo = 1 Vt06V, 
RL = 100 k.Q 
O°C 
15 
320 
V!mV 
amplification 
70°C 
15 
230 


25°C 
65 
94 


CMRR 
Common-mode 
rejection ratio 
VIC = V'CRmin 
O°C 
60 
94 
dB 


70°C 
60 
94 


25°C 
70 
93 


ksVR 
Supply-voltage 
rejection ratio 
VOO=5Vt010V. 
VO=1.4V 
O°C 
60 
92 
dB 
(dVOO!dVoO) 
70°C 
60 
94 


25°C 
285 
600 


100 
Supply current (two amplifiers) 
Vo = 5 V, 
VIC = 5 V, 
O°C 
345 
800 
v.A 
No load 
70°C 
220 
560 
t Full range is O°C to 70°C. 
NOTES: 
4. 
The typical values of input bias current and input offset current below 5 pA were determined 
mathematically. 
5. 
This range also applies to each input individually. 
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TLC25M2C 
TLC25M2AC 
PARAMETER 
TEST CONDITIONS 
TA 
TLC25M2BC 
UNIT 


MIN 
TYP 
MAX 


25°C 
0.43 


VI(PP) = 1 V 
O°C 
0.46 


Rl = 100 kn, 
Cl = 20 pF, 
70°C 
0.36 
SR 
Slew rate at unity gain 
V/IlS 
See Figure 1 
25°C 
0.40 


VI(PP) = 2.5 V 
O°C 
0.43 


70°C 
0.34 


Vn 
Equivalent input noise voltage 
1= 1 kHz, 
RS = 20 Q, 
See Figure 2 
25°C 
32 
nV/.JFfZ 


25°C 
55 


BOM 
Maximum output-swing 
bandwidth 
VO=VOH, 
Cl = 20 pF, 
Rl = 100 kn, 
O°C 
60 
kHz 
See Figure 
70°C 
50 


25°C 
525 


B1 
Unity-gain bandwidth 
VI = 10 mY, 
Cl = 20 pF, 
See Figure 3 
O°C 
600 
MHz 


70°C 
400 


25°C 
40° 


<l>m 
Phase margin 
VI = 10 mY, 
I=B1, 
CL = 20 pF, 
O°C 
41° 
See Figure 3 
70°C 
39° 


TLC25M2C 
TLC25M2AC 
PARAMETER 
TEST CONDITIONS 
TA 
TLC25M2BC 
UNIT 


MIN 
TYP 
MAX 


25°C 
0.62 


VI(PP) = 1 V 
O°C 
0.67 


SR 
Slew rate at unity gain 
RL = 100 kn, 
Cl = 20 pF, 
70°C 
0.51 


See Figure 1 
25°C 
0.56 
V/IlS 


VI(PP) = 5.5 V 
O°C 
0.61 


70°C 
0.46 


Vn 
Equivalent input noise voltage 
1= 1 kHz, 
RS = 20Q, 
See Figure 2 
25°C 
32 
nV/.JFfZ 


25°C 
35 


BOM 
Maximum output-swing 
bandwid1h 
VO=VOH, 
CL = 20 pF, 
RL = 100 kn, 
O°C 
40 
kHz 
See Figure 1 
70°C 
30 


25°C 
635 


B1 
Unity-gain bandwidth 
VI = 10 mY, 
Cl = 20 pF, 
See Figure 3 
O°C 
710 
MHz 


70°C 
510 


25°C 
43° 


<l>m 
Phase margin 
VI = 10 mY, 
I=B1, 
CL = 20 pF, 
O°C 
44° 
See Figure 3 
70°C 
42° 


~TEXAS 
INSTRUMENTS 


TLC252,TLC252A,TLC252B, 
TLC252~TLC25L2, TLC25L2A, TLC25L2B 
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TLC252Y 
TLC25L2Y 
TLC25M2Y 
PARAMETER 
TEST CONDITIONS 
UNIT 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


VIO 
Input offset voltage 
VO;1.4V. 
VIC ;OV. 
1.1 
10 
1.1 
10 
1.1 
10 
mV 
RS;50Q, 
See Note 6 


Average temperature 


exVIO 
coefficient of input 
1.8 
1.1 
1.7 
llV/oC 
offset voltage 


110 
Input offset current 
VO;VOo/2. 
0.1 
0.1 
0.1 
pA 
(see Note 4) 
VIC;VOo/2 


liB 
Input bias current 
VO;VOo/2. 
0.6 
0.6 
0.6 
pA 
(see Note 4) 
VIC ;VOo/2 


Common-mode 
input 
-0.2 
-0.3 
-0.2 
-0.3 
-0.2 
-0.3 


VICR 
voltage range 
to 
to 
to 
to 
to 
to 
V 
(see Note 5) 
4 
4.2 
4 
4.2 
4 
4.2 


VOH 
High-level output 
VIO; 
100 mY. 
3.2 
3.8 
3.2 
4.1 
3.2 
3.9 
V 
voltage 
See Note 6 


VOL 
Low-level output 
VIO ;-100 
mY. 
0 
50 
0 
50 
0 
50 
mV 
voltage 
10L;0 


Large-signai 
VO;0.25 
V. 


AVO 
differential voltage 
See Note 6 
5 
23 
50 
700 
25 
170 
V/mV 
amplification 


CMRR 
Common-mode 
VIC ; VICRmin 
65 
80 
65 
94 
65 
91 
dB 
rejection ratio 


Supply-voltage 
VOO;5Vt010V, 


kSVR 
rejection ratio 
VO;1.4V 
65 
95 
70 
97 
70 
93 
dB 
(6VOO/6VI0) 


VO;VOO/2, 
100 
Supply current 
VIC ;VOO/2, 
1.4 
3.2 
0.02 
0.034 
0.21 
0.56 
mA 
No load 


TLC252Y 
TLC25L2Y 
TLC25M2Y 
PARAMETER 
TEST CONDITIONS 
UNIT 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


Slew rate at 
CL; 
20 pF, I VI(PP); 
1 V 
3.6 
0.03 
0.43 


unity gain 
See Note 6 
VI(PP) ; 2.5 V 
2.9 
0.03 
0.40 
V/llS 


Vn 
Equivalent input 
f; 
1 kHz, 
RS;20Q 
2.5 
68 
32 
nV"/Hz 
noise voltage 


BOM 
Maximum output- 
VO;VOH. 
CL; 
20 pF. 
320 
5 
55 
kHz 
swing bandwidth 
RL; 
10 kQ 


B1 
Unity-gain 
VI;10mV, 
CL; 
20 pF 
1.7 
0.085 
0.525 
MHz 
bandwidth 


<Pm 
Phase margin 
f;B1. 
VI;10mV, 
46° 
34° 
40° 
CL; 
20 pF 


NOTES: 
4. 
The typical values of input bias current and input offset current below 5 pA were determined 
mathematically. 
5. 
This range also applies to each input individually. 
6. 
For low-bias mode. RL; 1 MQ; for medium-bias 
mode, RL; 
100 kQ, and for high-bias mode. RL; 
10 kQ. 


~TEXAS 
INSTRUMENTS 


TLC252,TLC252A, 
TLC252B,TLC252~ TLC25L2, TLC25L2A, TLC25L2B 
TLC25L2~TLC25M2,TLC25M2A,TLC25M2B,TLC25M2Y 
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AMPLIFIERS 
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1996 


single-supply 
versus split-supply 
test circuits 


Because the TLC252, TLC25L2, and TLC25M2 are optimized for single-supply operation, circuit configurations 
used 
for 
the 
various 
tests 
often 
present 
some 
inconvenience 
since 
the 
input 
signal, 
in 
many 
cases, must be offset from ground. This inconvenience can be avoided by testing the device with split supplies 
and the output load tied to the negative rail. A comparison of single-supply versus split-supply test circuits is 
shown below. The use of either circuit gives the same result. 


Voo- 


(b) SPLIT SUPPLY 


VOD- 


(a) SPLIT SUPPLY 
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FIGURE 


100 
Supply current 
vs Supply voltage 
4 
vs Free-air temperature 
5 


Low bias 
vs Frequency 
6 


AVO 
Large-signal 
differential voltage amplification 
Medium bias 
vs Frequency 
7 


High bias 
vs Frequency 
8 


Low bias 
vs Frequency 
6 


Phase shift 
Medium bias 
vs Frequency 
7 


High bias 
vs Frequency 
8 


SUPPLY CURRENT 
vs 
SUPPLY VOLTAGE 
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Figure 4 


SUPPLY CURRENT 
vs 
FREE-AIR TEMPERATURE 


Voo = 10V 
VIC=OV 
Vo = 2 V 
No Load 
< 
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TA - Free-Air 
Temperature 
- °C 
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LOW-BIAS 
LARGE-SIGNAL 
DIFFERENTIAL 
VOLTAGE AMPLIFICATION 
AND PHASE SHIFT 
vs 
FREQUENCY 


Oi 
VOO= 10V 
E 
106 
RL= 1 MQ 
0° 


l!! 
TA = 25°C 
•• 
105 
== 
30° 
C 
c: 
- 
0 
~ ;: 
104 
60° 
Cl 
•• 
4= 
._ u 
tJ)it: 
:E 
cb 
:: 
l/l 
~~ 
103 
90° 
•• 
•• 
<I: 
III 


oJ 
•• 
•• 
.s: 
III 
Cl 
102 
lL 
ii5~ 
120° 


;i 
~ 
0 
101 
150° 
oJ 
I 
Q> 
180° 
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- Hz 


MEDIUM-BIAS 
LARGE-SIGNAL 
DIFFERENTIAL 
VOLTAGE AMPLIFICATION 
AND PHASE SHIFT 
vs 
FREQUENCY 


VOO=10V 
RL=100kQ 
0° 
TA = 25°C 


30° 


60° 
~ 
.s: 
l/l 
90° 
•• 
III 
•• 
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120° 


lL 


150° 


180° 
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HIGH-BIAS LARGE-SIGNAL 
DIFFERENTIAL 
VOLTAGE AMPLIFICATION 
AND PHASE SHIFT 
vs 
FREQUENCY 


VOO=10V 
RL= 10kQ 
TA=25°C 


0.1 
10 
100 
1 k 
10k 
100k 
1 M 
10M 


Frequency 
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latch-up 
avoidance 


Junction-isolated 
CMOS circuits 
have an inherent 
parasitic 
PNPN structure 
that can function 
as an SCA. Under 
certain conditions, 
this SCR may be triggered 
into a low-impedance 
state, resulting 
in excessive 
supply current. 


To avoid such conditions, 
no voltage 
greater 
than 0.3 V beyond 
the supply 
rails should 
be applied 
to any pin. 


In general, 
the operational 
amplifier 
supplies 
should 
be applied 
simultaneously 
with, or before, 
application 
of 
any input signals. 


output stage considerations 


The 
amplifier's 
output 
stage 
consists 
of a source-follower-connected 
pullup 
transistor 
and 
an open-drain 
pulldown 
transistor. 
The 
high-level 
output 
voltage 
(VOH) 
is virtually 
independent 
of the 
100 selection 
and 
increases 
with higher values of Voo and reduced 
output loading. 
The low-level 
output voltage 
(VOL) decreases 
with reduced 
output current 
and higher input common-mode 
voltage. 
With no load, VOL is essentially 
equal to 
the potential 
of Voo_/GND. 


supply configurations 


Even though 
the TLC252/25_2C 
series is characterized 
for single-supply 
operation, 
it can be used effectively 
in a split-supply 
configuration 
if the input common-mode 
voltage 
(VieR), output swing (VOL and VOH), and supply 
voltage 
limits are not exceeded. 


circuit layout precautions 


The user is cautioned 
that whenever 
extremely 
high circuit 
impedances 
are used, care must be exercised 
in 
layout, construction, 
board cleanliness, 
and supply filtering to avoid hum and noise pickup, as well as excessive 
dc leakages. 
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• 
A-Suffix Versions Offer 5-mV VIO 


• 
B-Suffix Versions Offer 2-mV VIO 
• 
Wide Range of Supply Voltages 
1.4 V to 16 V 


• 
True Single-Supply 
Operation 


• 
Common-Mode 
Input Voltage Includes the 
Negative Rail 


• 
Low 
Noise ... 
25 nVl-JHZTyp at f = 1 kHz 
(High-Bias Version) 


description 


0, N, OR PW PACKAGE 
(TOP VIEW) 


10UT 
1 U 14 
40UT 


11N- 
2 
13 
41N- 


11N+ 
3 
12 
41N+ 


VDD 
4 
11 
VDD_/GND 


21N+ 
5 
10 
31N+ 


21N- 
6 
9 
21N- 


20UT 
7 
8 
30UT 


The TLC254, TLC254A, TLC254B, TLC25L4, 
TLC254L4A,TLC254L4B,TLC25M4,TLC25M4A 
and TL25M4B 
are low-cost, low-power quad 
IN +=t>- 


operational amplifiers designed to operate with 
OUT 
single or dual supplies. These devices utilize the 
IN-- 
Texas 
Instruments 
silicon 
gate 
LinCMOSTM 


process, giving them stable input-offset voltages that are available in selected grades of 2, 5, or 10 mV 
maximum, very high input impedances, and extremely low input offset and bias currents. Because the input 
common-mode range extends to the negative rail and the power consumption is extremely low, this series is 
ideally suited for battery-powered or energy-conserving applications. The series offers operation down to a 
1.4-V supply, is stable at unity gain, and has excellent noise characteristics. 


These devices have internal electrostatic-discharge (ESD) protection circuits that prevent catastrophic failures 
at voltages up to 2000 V as tested under MIL-STD-883C, Method 3015.1. However, care should be exercised 
in handling these devices as exposure to ESD may result in degradation of the device parametric performance. 


Because of the extremely high input impedance and low input bias and offset currents, applications for these 
devices include many areas that have previously been limited to BIFET and NFET product types. Any circuit 
using high-impedance elements and requiring small offset errors is a good candidate for cost-effective use of 
these devices. Many features associated with bipolar technology are available with LinCMOS operational 
amplifiers without the power penalties of traditional bipolar devices. 


PACKAGED 
DEVICES 


TA 
Vlomax 
SMALL 
OUTLINE 
PLASTIC 
DIP 
TSSOP 
CHIP FORM 
AT 25°C 
(D) 
(N) 
(PW) 
(V) 


10mV 
TLC254CD 
TLC254CN 
TLC254CPW 
TLC254Y 
5mV 
TLC254ACD 
TLC254ACN 
- 
- 


2mV 
TLC254BCD 
TLC254BCN 
- 
- 


10mV 
TLC25L4CD 
TLC25L4CN 
TLC25L4CPW 
TLC25L4Y 
O°C to 70°C 
5mV 
TLC25L4ACD 
TLC25L4ACN 
- 
- 


2mV 
TLC25L2BCD 
TLC25L4BCN 
- 
- 


10mV 
TLC25M4CD 
TLC25M4CN 
TLC25M4CPW 
TLC25M4Y 


5mV 
TLC25M4ACD 
TLC25M4ACN 
- 
- 


2mV 
TLC25M4BCD 
TLC25M4BCN 
- 
- 


PRODUCTION DATA information 
is current 
as of publication 
date. 


Products 
conform 
to specifications 
pet' the terms 
of Texas 
Instruments 
standard warranty. Production processing does not necessarily Include 
testing 
of all parameters. 
~TEXAS 
INSTRUMENTS 


TLC254,TLC254A,TLC254B, 
TLC254~ TLC25L4, TLC25L4A,TLC25L4B 
TLC25L4~TLC25M4,TLC25M4A,TLC25M4B,TLC25M4Y 
LinCMOSTM QUAD 
OPERATIONAL 
AMPLIFIERS 
SLOSOO3F - JUNE 
1983 - REVISED 
AUGUST 
1994 


General applications such as transducer interfacing, analog calculations, amplifier blocks, active filters, and 
signal buffering are all easily designed with these devices. Remote and inaccessible equipment applications 
are possible using their low-voltage and low-power capabilities. These devices are well suited to solve the 
difficult problems associated with single-battery and solar-cell-powered applications. This series includes 
devices that are characterized for the commercial temperature range and are available in 14-pin plastic dip and 
the small-outline packages. The device is also available in chip form. 


These devices are characterized for operation from O°Cto 70°C. 


PARAMETER 
TlC25l4_C 
TlC25M4_C 
TlC254_C 
(lOW 
BIAS) 
(MEDIUM BIAS) 
(HIGH BIAS) 


Supply current (Typ) 
40 IJA 
600 IJA 
4000 IJA 


Slew rate (Typ) 
0.04 V/IJA 
0.6V/JlA 
4.5 V/JlA 


Input offset voltage (Max) 
TLC254C,TLC25L4C,TLC25M4C 
10mV 
10mV 
10mV 
TLC254AC, 
TLC25L4AC, 
TLC25M4AC 
5mV 
5mV 
5mV 
TLC254BC, 
TLC25L4BC, 
TLC25M4BC 
2 mV 
2mV 
2 mV 


Offset voltage drift (Typ) 
0.1 JlV/montht 
0.1 JlV/montht 
0.1 JlV/montht 


Offset voltage temperature 
coefficient (Typ) 
0.7 JlVrC 
2 JlV/oC 
5 JlV/oC 


Input bias current (Typ) 
1 pA 
1 pA 
1 pA 


Input offset current (Typ) 
1 pA 
1 pA 
1 pA 


~TEXAS 
INSTRUMENTS 


TLC254,TLC254A,TLC254B,TLC254~TLC25L4,TLC25L4A,TLC25L4B 
TLC25L4~TLC25M4,TLC25M4A,TLC25M4B,TLC25M4Y 
LinCMOSTM QUAD OPERATIONAL AMPLIFIERS 


SLOS003F 
- JUNE 1983 - REVISED 
AUGUST 
1994 


chip information 


These chips, when properly assembled, display characteristics similar to the TLC25_4C. Thermal compression 
or ultrasonic bonding may be used on the doped-aluminum bonding pads. Chips may be mounted with 
conductive epoxy or a gold-silicon preform. 


i4 
108 
~ 


1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1 


(3) 
l1N+ 


(2) 
lOUT 
l1N- 


21N+ 
20UT 
21N- 


31N+ 
30UT 
31N- 


41N+ 
40UT 
41N- 


CHIP THICKNESS: 
15 TYPICAL 


BONDING 
PADS: 4 x 4 MINIMUM 


TJmax = 150°C 


TOLERANCES 
ARE ±10%. 


ALL DIMENSIONS 
ARE IN MILS. 


PIN (11) IS INTERNALLY 
CONNECTED 
TO BACKSIDE 
OF CHIP. 


~TEXAS 
INSTRUMENTS 


TLC254, TLC254A, TLC2548,TLC254~TLC25L4,TLC25L4A,TLC25L48 
TLC25L4~TLC25M4,TLC25M4A,TLC25M48,TLC25M4Y 
LinCMOSTM QUAD OPERATIONAL AMPLIFIERS 
SLOS003F 
- JUNE 1983 - REVISED 
AUGUST 
1994 


absolute 
maximum 
ratings over operating 
free-air temperature 
range (unless otherwise 
noted)t 


Supply voltage, VDD (see Note 1) 
18 V 
Differential input voltage (see Note 2) 
±18 V 


Input voltage range (any input) 
-0.3 V to 18 V 
Duration of short-circuit at (or below) 25°C free-air temperature (see Note 3) 
unlimited 
Continuous total dissipation 
See Dissipation Rating Table 
Operating free-air temperature range 
O°Cto 70°C 
Storage temperature range 
-65°C to 150°C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds 
260°C 


t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions 
beyond those indicated under "recommended 
operating conditions" 
is not 
implied. Exposure to absolute-maxi mum-rated conditions for extended periods may affect device reliability. 


NOTES: 
1. 
All voltage values, except differential voltages, are with respect to VDD_/GND. 
2. 
Differential voltages are at IN+, with respect to IN-. 


3. 
The output may be shorted to either supply. Temperature and/or supply voltages must be limited to ensure the maximum dissipation 
rating is not exceeded. 


DISSIPATION RATING TABLE 


TA ,; 25°C 
DERATING FACTOR 
POWER RATING 
ABOVE TA = 25°C 


725mW 


1050mW 


700mW 


5.8mW/oC 


9.2 mW/oC 


5.6mW/oC 


TA = 70°C 
POWER RATING 


464mW 


736mW 


448mW 


MIN 
MAX 
UNIT 


Supply voltage, VDD 
1.4 
16 
V 


VDD = 1.4 V 
0 
0.2 


VDD = 5V 
-0.2 
4 


Common-mode 
input voltage. VIC 
V 
VDD= 
10V 
-0.2 
9 


VDD=16V 
-0.2 
14 


Operating free-air temperature. 
TA 
0 
70 
°c 


~TEXAS 
INSTRUMENTS 


PARAMETER 
TEST CONDITIONSt 
TLC254_C 
TLC25L4_C 
TLC25M4_C 
UNIT 
TA 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


25°C 
10 
• 10 
10 
TLC25_4C 
O°C to 70°C 
12 
12 
12 


25°C 
5 
5 
5 
VIO 
Input offset voltage 
TLC25_4AC 
VO=0.2V, 
RS=50Q 
mV 
O'C to 70°C 
6.5 
6.5 
6.5 


25'C 
2 
2 
2 
TLC25_4BC 
O'C to 70'C 
3 
3 
3 


aVIO 
Average temperature coefficient of 
25'C to 
1 
1 
1 
IlV1'C 
input offset voltage 
70'C 


25'C 
1 
1 
1 
110 
Input offset current 
VO=0.2V 
O'C to 70'C 
300 
300 
300 
pA 


25'C 
1 
1 
1 
JIB 
Input bias current 
VO=0.2V 
O'C to 70'C 
600 
600 
600 
pA 


VICR 
Common-mode 
input voltage range 
25'C 
Oto 
Oto 
Oto 
V 
0.2 
0.2 
0.2 


VOM 
Peak output voltage swing:t: 
VIO= 
100 mV 
25'C 
450 
700 
450 
700 
450 
700 
mV 


AVO 
Large-signal differential voltage 
Vo = 100 to 300 mV, 
25'C 
10 
20 
20 
VlmV 
amplification 
RS=50Q 


CMRR 
Common-mode 
rejection ratio 
VO=0.2V, 
25'C 
60 
77 
60 
77 
60 
77 
dB 
VIC = VICRmin 


100 
Supply current 
VO=0.2V, 
No load 
25'C 
600 
750 
50 
68 
400 
500 
IlA 
t All characteristics 
are measured under open-loop conditions with zero common-mode 
input voltage unless otherwise specified. Unless otherwise noted, an output load resistor is 


connected from the output to ground and has the following value: for low bias, RL = 1 MQ, for medium bias RL = 100 kQ, and for high bias 
RL = 10 kQ. 


:t:The output swings to the potential of VOO_/GNO. 


PARAMETER 
TEST CONDITIONS 
TLC254_C 
TLC25L4_C 
TLC25M4_C 
UNIT 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


SR 
Slew rate at unity gain 
See Figure 1 
0.1 
0.001 
0.01 
VIIlS 


B1 
Unity-gain bandwidth 
AV = 40 dB, 
CL= 
10pF, 
12 
12 
12 
kHz 
RS=50Q, 
See Figure 1 


Overshoot factor 
See Figure 1 
30% 
35% 
35% 


TLC254,TLC254A,TLC254B,TLC254~TLC25L4,TLC25L4A,TLC25L4B 
TLC25L4~TLC25M4,TLC25M4A,TLC25M4B,TLC25M4Y 
LinCMOSTM QUAD OPERATIONAL AMPLIFIERS 
SLOSOO3F - JUNE 
1983 - REVISED 
AUGUST 
1994 


TLC254. TLC254AC. 


PARAMETER 
TEST CONDITIONS 
TAt 
TLC254BC 
UNIT 


MIN 
TYP 
MAX 


VO=1.4V, 
VIC=O, 
25°C 
1.1 
10 
TLC254C 
RS = 50n, 
RL= 
10kn 
Full range 
12 


VO=1.4V, 
VIC=O, 
25°C 
0.9 
5 
VIO 
Input offset voltage 
TLC254AC 
mV 
RS = 50 n, 
RL= 
10 kn 
Full range 
6.5 


VO=1.4V, 
V'C=O, 
25°C 
0.34 
2 
TLC254BC 
RS = 50 n, 
RL=10kn 
Full range 
3 


Average temperature 
coefficient of input 
25°C to 
1.8 
. 
IlV/oC 
aVIO 
offset voltage 
70°C 


25°C 
0.1 
'10 
Input offset current (see Note 4) 
Vo = 2.5 V, 
VIC =2.5V 
70°C 
7 
300 
pA 


25°C 
0.6 
liB 
Input bias current (see Note 4) 
VO=2.5V, 
VIC = 2.5 V 
70°C 
40 
600 
pA 


-0.2 
-0.3 
25°C 
to 
to 


Common-mode 
input voltage range 
4 
4.2 
VICR 
V 
(see Note 5) 
-0.2 
Full range 
to 
3.5 


O°C 
3 
3.8 


VOH 
High-level output voltage 
VID = 100 mY, 
RL= 
10kn 
25°C 
3.2 
3.8 
V 


70°C 
3 
3.8 


O°C 
0 
50 


VOL 
Low-level output voltage 
VIO=-100mV, 
10L=0 
25°C 
0 
50 
mV 


70°C 
0 
50 


O°C 
4 
27 


AVO 
Large-signal 
differential voltage 
Vo = 0.25 V to 2 V, 
RL= 
10kn 
25°C 
5 
23 
V/mV 
amplification 
70°C 
4 
20 


O°C 
60 
84 


CMRR 
Common-mode 
rejection ratio 
VIC = VICRmin 
25°C 
65 
80 
dB 


70°C 
60 
85 


O°C 
60 
94 


kSVR 
Supply-voltage 
rejection ratio (AVoolAVIO) 
VOO=5Vto 
10V, 
Vo = 1.4 V 
25°C 
65 
95 
dB 


70°C 
60 
96 


O°C 
3.1 
7.2 


100 
Supply current (four amplifiers) 
VO=2.5V, 
VIC =2.5 V, 
25°C 
2.7 
6.4 
mA 
No load 
70°C 
2.3 
5.2 
t Full range is O°C to 70°C. 
NOTES: 
4. 
The typical values of input bias current and input offset current below 5 pA were determined mathematically. 


5. 
This range also applies to each input individually. 


~TEXAS 
INSTRUMENTS 


TLC254,TLC254A,TLC254B,TLC254~TLC25L4,TLC25L4A,TLC25L4B 
TLC25L4Y, TLC25M4, TLC25M4A, TLC25M4B, TLC25M4Y 
LinCMOSTM QUAD OPERATIONAL AMPLIFIERS 
SLOS003F 
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TLC254C. TLC254AC. 


PARAMETER 
TEST CONDITIONS 
TAt 
TLC254BC 
UNIT 


MIN 
TYP 
MAX 


VO=1.4V, 
VIC=O, 
25°C 
1.1 
10 
TLC254C 
RS = 50 n. 
RL= 
10 kn 
Full range 
12 


VO=1.4V, 
VIC=O, 
25°C 
0.9 
5 
Via 
Input offset voltage 
TLC254AC 
mV 
RS = 50 n. 
RL= 
10kn 
Full range 
6.5 


VO=1.4V, 
VIC=O, 
25°C 
0.39 
2 
TLC254BC 
RS = 50 n. 
RL= 
10 kn 
Full range 
3 


Average temperature 
coefficient of input 
25°C to 
2 
flV/oC 
~VIO 
offset voltage 
70°C 


25°C 
0.1 
110 
Input offset current (see Note 4) 
Va = 5 V, 
VIC = 5 V 
70°C 
7 
300 
pA 


25°C 
0.7 
liB 
Input bias current (see Note 4) 
Va = 5 V, 
VIC = 5 V 
70°C 
50 
pA 
600 


-0.2 
-0.3 
25°C 
to 
to 


Common-mode 
input voltage range 
9 
9.2 
VICR 
V 
(see Note 5) 
-0.2 
Full range 
to 
8.5 


O°C 
7.8 
8.5 


VOH 
High-level output voltage 
VIO = 100 mY, 
RL= 
10 kQ 
25°C 
8 
8.5 
V 


70°C 
7.8 
8.4 


O°C 
0 
50 


VOL 
Low-level output voltage 
VIO = -100 
mY, 
10L=0 
25°C 
0 
50 
mV 


70°C 
0 
50 


O°C 
7.5 
42 


AVO 
Large-signal 
differential voltage 
VO= 
1 Vt06V, 
RL= 
10kQ 
25°C 
10 
36 
V/mV 
amplification 
70°C 
7.5 
32 


O°C 
60 
88 


CMRR 
Common-mode 
rejection ratio 
VIC = VICRmin 
25°C 
65 
85 
dB 


70°C 
60 
88 


O°C 
60 
94 


kSVR 
Supply-voltage 
rejection ratio 
VOO = 5 V to 10 V, 
VO=1.4V 
25°C 
65 
95 
dB 
(6Vool6VI0) 
70°C 
60 
96 


O°C 
4.5 
8.8 


100 
Supply current (four amplifiers) 
Va = 5 V, 
VIC=5 
V, 
25°C 
3.8 
8 
mA 
No load 
70°C 
3.2 
6.8 
t Full range is O°C to 70°C. 
NOTES: 
4. 
The typical values of input bias current and input offset current below 5 pA were determined 
mathematically. 
5. 
This range also applies to each input individually. 


~TEXAS 
INSTRUMENTS 
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TLC254C, TLC254AC, 


PARAMETER 
TEST CONDITIONS 
TA 
TLC254BC 
UNIT 


MIN 
TYP 
MAX 


O°C 
4 
VI(PP) = 1 V 
25°C 
3.6 


RL= 
10 kQ, 
CL = 20 pF, 
VIIPP\ = 1 V 
70°C 
3 
SR 
Slew rate at unity gain 
V/Jls 
See Figure 1 
O°C 
3.1 


VI(PP) = 2.5 V 
25°C 
2.9 


70°C 
2.5 


Vn 
Equivalent input noise voltage 
1= 1 kHz, 
RS = 20 Q, 
See Figure 2 
25°C 
25 
nV/VHZ 


O°C 
340 


60M 
Maximum output-swing 
bandwidth 
VO=VOH, 
CL = 20 pF, 
RL=10kQ, 
25°C 
320 
kHz 
See Figure 1 
70°C 
260 


O°C 
2 


61 
Unity-gain bandwidth 
VI=10mV, 
CL = 20 pF, 
See Figure 1 
25°C 
1.7 
MHz 


70°C 
1.3 


O°C 
47° 


<l>m 
Phase margin 
VI=10mV, 
1=61, 
CL = 20 pF, 
25°C 
46° 
See Figure 3 
70°C 
43° 


TLC254C, TLC254AC, 


PARAMETER 
TEST CONDITIONS 
TA 
TLC254BC 
UNIT 


MIN 
TYP 
MAX 


O°C 
5.9 


VI(PP) = 1 V 
25°C 
5.3 


RL= 
10 kQ, 
CL = 20 pF, 
70°C 
4.3 
SR 
Slew rate at unity gain 
V/Jls 
See Figure 1 
O°C 
5.1 


VI(PP) = 5.5 V 
25°C 
4.6 


70°C 
3.8 


Vn 
Equivalent input noise voltage 
1= 1 kHz, 
RS =20 Q, 
See Figure 2 
25°C 
25 
nV/VHZ 


O°C 
220 


60M 
Maximum output-swing 
bandwidth 
VO=VOH, 
CL = 20 pF, 
RL= 
10kQ, 
25°C 
200 
kHz 
See Figure 1 
70°C 
140 


O°C 
2.5 


61 
Unity-gain bandwidth 
VI=10mV, 
CL = 20 pF, 
See Figure 1 
25°C 
2.2 
MHz 


70°C 
1.8 


O°C 
50° 


<l>m 
Phase margin 
VI=10mV, 
1=61, 
CL = 20 pF, 
25°C 
49° 
See Figure 3 
70°C 
46° 


~TEXAS 
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TLC25L4C 
TLC25L4AC 


PARAMETER 
TEST CONDITIONS 
TAt 
TLC25L4BC 
UNIT 


MIN 
TYP 
MAX 


VO=1.4V. 
VIC=O. 
25°C 
1.1 
10 
TLC25L4C 
RS = 50Q, 
RL= 
1 MQ 
FUll range 
12 


VO=1.4V. 
VIC=O. 
25°C 
0.9 
5 
VIO 
Input offset voltage 
TLC25L4AC 
mV 
RS= 50Q, 
RL= 
1 MQ 
Full range 
6.5 


VO=1.4V. 
V'C=O. 
25°C 
0.24 
2 


TLC25L4BC 
RS= 50Q, 
RL= 
1 MQ 
FUll range 
3 


Average temperature 
coefficient of input 
25°C to 
1.1 
JlVJOC 
«VIO 
offset voltage 
70°C 


25°C 
0.1 
110 
Input offset current (see Note 4) 
VO=2.5V. 
VIC =2.5V 
70°C 
7 
300 
pA 


25°C 
0.6 
liB 
Input bias current (see Note 4) 
VO=2.5V. 
VIC =2.5 V 
70°C 
40 
600 
pA 


-0.2 
-0.3 
25°C 
to 
to 
V 


Common-mode 
input voltage range 
4 
4.2 
VICR 
(see Note 5) 
-0.2 


Full range 
to 
V 
3.5 


DoC 
3 
4.1 


VOH 
High-level output voltage 
VIO = 100 mV, 
RL= 
1 MQ 
25°C 
3.2 
4.1 
V 


70°C 
3 
4.2 


DoC 
0 
50 


VOL 
Low-level output voltage 
VIO = -100 
mV, 
10L=0 
25°C 
0 
50 
mV 


70°C 
0 
50 


DoC 
50 
680 


AVO 
Large-signal differential voltage 
VO=0.25Vt02V. 
RL= 
1 MQ 
25°C 
50 
520 
V/mV 
amplification 
70°C 
50 
380 


DoC 
60 
95 


CMRR 
Common-mode 
rejection ratio 
VIC = VICRmin 
25°C 
65 
94 
dB 


70°C 
60 
95 


DoC 
60 
97 


kSVR 


Supply-voltage 
rejection ratio 
VOO = 5 V to 10 V, 
VO=1.4V 
25°C 
70 
98 
dB 
(~VOol~VIO) 
70°C 
60 
97 


DoC 
48 
84 


100 
Supply current (four amplifiers) 
VO=2.5V, 
VIC =2.5 
V, 
25°C 
40 
68 
JlA 
No load 
70°C 
31 
56 


t FUll range is DoCto 70°C. 
NOTES: 
4. 
The typical values of input bias current and input offset current below 5 pA were determined 
mathematically. 


5. 
This range also applies to each input individually. 
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SLOSOO3F - JUNE 
1983 - REVISED 
AUGUST 
1994 


TLC25L4C 
TLC25L4AC 
PARAMETER 
TEST CONDITIONS 
TAt 
TLC25L4BC 
UNIT 


MIN 
TYP 
MAX 


Vo = 1.4 V, 
VIC=O, 
25°C 
1.1 
10 
TLC25L4C 
RS = 50 n, 
RL= 
1 Mn 
Full range 
12 


VO=l.4V, 
VIC=O, 
25°C 
0.9 
5 
VIO 
Input offset voltage 
TLC25L4AC 
mV 
RS = 50 n, 
RL= 
1 Mn 
Full range 
6.5 


VO=l.4V, 
VIC=O, 
25°C 
0.26 
2 
TLC25L4BC 
RS=50n, 
RL= 
1 Mn 
Full range 
3 


Average temperature 
coefficient of 
25°C to 
1 
/lV/DC 
aVIO 
input offset voltage 
70°C 


25°C 
0.1 
110 
Input offset current (see Note 4) 
Vo = 5 V, 
VIC=5 
V 
70°C 
7 
300 
pA 


25°C 
0.7 
liB 
Input bias current (see Note 4) 
Vo = 5 V, 
V,C =.5 V 
70°C 
50 
600 
pA 


-0.2 
-0.3 
25°C 
to 
to 
V 


Common-mode 
input voltage range 
(see 
9 
9.2 
V'CR 
Note 5) 
-0.2 
Full range 
to 
V 
8.5 


O°C 
7.8 
8.9 


VOH 
High-level output voltage 
VIO = 100 mY, 
RL= 
1 Mn 
25°C 
8 
8.9 
V 


70°C 
7.8 
8.9 


O°C 
0 
50 


VOL 
Low-level output voltage 
VIO = -100 
mV, 
10L=0 
25°C 
0 
50 
mV 


70°C 
0 
50 


O°C 
50 
1025 


AVO 
Large-signal 
differential voltage 
VO=lVt06V, 
RL= 
1 Mn 
25°C 
50 
870 
V/mV 
amplification 
70°C 
50 
660 


O°C 
60 
97 


CMRR 
Common-mode 
rejection ratio 
VIC = V'CRmin 
25°C 
65 
97 
dB 


70°C 
60 
97 


O°C 
60 
97 


kSVR 
Supply-voltage 
rejection ratio 
VOO=5Vtol0V, 
VO=l.4V 
25°C 
70 
97 
dB 
(AVoolAV,o) 
70°C 
60 
98 


O°C 
72 
132 


100 
Supply current (four amplifiers) 
Vo = 5 V, 
VIC =5 V, 
25°C 
57 
92 
JlA 
No load 
70°C 
44 
80 
t Full range is O°C to 70°C. 
NOTES: 
4. 
The typical values of input bias current and input offset current below 5 pA were determined mathematically. 


5. 
This range also applies to each input individually. 


~TEXAS 
INSTRUMENTS 


TLC254ITLC254A,TLC254B,TLC254~TLC25L4ITLC25L4A,TLC25L4B 
TLC25L4~TLC25M4ITLC25M4AITLC25M4B,TLC25M4Y 
LinCMOSTM QUAD OPERATIONAL 
AMPLIFIERS 
SLOS003F 
- JUNE 
1983 - REVISED 
AUGUST 
1994 


TLC25L4C 
TLC25L4AC 
PARAMETER 
TEST CONDITIONS 
TA 
TLC25L4BC 
UNIT 


MIN 
TYP 
MAX 


ooe 
0.04 


VI(PP) = 1 V 
25°C 
0.03 


RL= 
1 MO. 
eL = 20 pF. 
70°C 
0.03 
SR 
Slew rate at unity gain 
V/~s 
See Figure 1 
ooe 
0.03 


VI(Pp)=2.5V 
25°C 
0.03 


70°C 
0.02 


Vn 
Equivalent input noise voltage 
f= 
1 kHz, 
RS=20n. 
See Figure 2 
25°C 
70 
nV/.JHZ 


ooe 
6 


80M 
Maximum output-swing 
bandwidth 
VO=VOH. 
eL = 20 pF. 
RL= 
1 MO. 
25°C 
5 
kHz 
See Figure 1 
70°C 
4.5 


ooe 
100 


81 
Unity-gain bandwidth 
VI = 10mV, 
eL = 20 pF. 
See Figure 1 
25°C 
85 
kHz 


70°C 
65 


ooe 
36° 


<!1m 
Phase margin 
VI = 10mV. 
f=81, 
eL = 20 pF, 
25°C 
34° 
See Figure 3 
70°C 
30° 


TLC25L4C 
TLC25L4AC 
PARAMETER 
TEST CONDITIONS 
TA 
TLC25L4BC 
UNIT 


MIN 
TYP 
MAX 


ooe 
0.05 


VI(PP)= 
1 V 
25°C 
0.05 


SR 
Slew rate at unity gain 
RL= 
1 MO. 
eL= 
20 pF. 
70°C 
0.04 


See Figure 1 
ooe 
0.05 
V/~s 


VI(Pp)=5.5V 
25°C 
0.04 


70°C 
0.04 


Vn 
Equivalent input noise voltage 
f= 
1 kHz. 
RS = 20 n. 
See Figure 2 
25°C 
70 
nV/.JHZ 


ooe 
1.3 


80M 
Maximum output-swing 
bandwidth 
VO=VOH, 
eL = 20 pF, 
RL= 
1 MO. 
25°C 
1 
kHz 
See Figure 1 
70°C 
0.9 


ooe 
125 


81 
Unity-gain bandwidth 
VI= 
10mV, 
eL = 20 pF. 
See Figure 1 
25°C 
110 
kHz 


70°C 
90 


ooe 
40° 


<!1m 
Phase margin 
VI=10mV. 
f=81. 
eL = 20 pF. 
25°C 
38° 
See Figure 3 
70°C 
34° 


~TEXAS 
INSTRUMENTS 


TLC254,TLC254A,TLC254B,TLC254~TLC25L4,TLC25L4A,TLC25L4B 
TLC25L4~TLC25M4,TLC25M4A,TLC25M4B,TLC25M4Y 
LinCMOSTM QUAD OPERATIONAL AMPLIFIERS 
SLOS003F 
- JUNE 
1983 - REVISED 
AUGUST 
1994 


TLC25M4C 
TLC25M4AC 
PARAMETER 
TEST CONDITIONS 
TAt 
TLC25M4BC 
UNIT 


MIN 
TYP 
MAX 


VO=1.4V, 
VIC=O, 
25°C 
1.1 
10 
TLC25M4C 
RS = 50 n, 
RL = 100 kn 
Full range 
12 


VO=1.4V, 
VIC=O, 
25°C 
0.9 
5 
VIO 
Input offset voltage 
TLC25M4AC 
mV 
RS = 50 n, 
RL= 
100 kn 
Full range 
6.5 


VO=1.4V, 
V'C=O, 
25°C 
0.25 
2 
TLC25M4BC 
RS = 50n, 
RL = 100 kn 
Full range 
3 


Average temperature 
coefficient of 
25°C to 
1.7 
IlV/oC 
~VIO 
input offset voltage 
70°C 


25°C 
0.1 
110 
Input offset current (see Note 4) 
VO=2.5V, 
VIC = 2.5V 
70°C 
7 
300 
pA 


25°C 
0.6 
liB 
Input bias current (see Note 4) 
VO=2.5V, 
VIC =2.5 V 
70°C 
40 
600 
pA 


-0.2 
-0.3 
25°C 
to 
to 
V 


Common-mode 
input voltage range 
4 
4.2 
VICR 
(see Note 5) 
-0.2 
Full range 
to 
V 
3.5 


O°C 
3 
3.9 


VOH 
High-level output voltage 
VIO = 100 mY, 
RL = 100 kn 
25°C 
3.2 
3.9 
V 


70°C 
3 
4 


O°C 
0 
50 


VOL 
Low-level output voltage 
VIO =-100 
mY, 
10L=0 
25°C 
0 
50 
mV 


70°C 
0 
50 


O°C 
15 
200 


AVO 
Large-signal 
differential voltage 
Vo = 0.25 V to 2 V, 
RL = 100 kn 
25°C 
25 
170 
V/mV 
amplification 
70°C 
15 
140 


O°C 
60 
91 


CMRR 
Common-mode 
rejection ratio 
VIC = VICRmin 
25°C 
65 
91 
dB 


70°C 
60 
92 


O°C 
60 
92 


kSVR 
Supply-voltage 
rejection ratio 
VOO = 5 Vto 
10 V, 
VO=1.4V 
25°C 
70 
93 
dB 
(~VOot~VIO) 
70°C 
60 
94 


O°C 
500 
1280 


100 
Supply current (four amplifiers) 
VO=2.5V, 
VIC =2.5V, 
25°C 
420 
1120 
JlA 
No load 
70°C 
340 
880 
t Full range is O°C to 70°C. 
NOTES: 
4. 
The typical values of input bias current and input offset current below 5 pA were determined mathematically. 


5. 
This range also applies to each input individually. 


~TEXAS 
INSTRUMENTS 


TLC254, TLC254A,TLC254B, 
TLC254~ TLC25L4,TLC25L4A, 
TLC25L4B 
TLC25L4~TLC25M4,TLC25M4A,TLC25M4B,TLC25M4Y 
LinCMOSTM QUAD 
OPERATIONAL 
AMPLIFIERS 
SLOS003F 
-JUNE 
1983 - REVISED 
AUGUST 
1994 


TLC25M4C 
TLC25M4AC 
PARAMETER 
TEST CONDITIONS 
TAt 
TLC25M4BC 
UNIT 


MIN 
TYP 
MAX 


VO=1.4V, 
VIC=O, 
25°C 
1.1 
10 
TLC25M4C 
RS = 50 n. 
RL= 
100 kn 
Full range 
12 


VO=1.4V, 
VIC=O, 
25°C 
0.9 
5 
VIO 
Input offset voltage 
TLC25M4AC 
mV 
RS = 50 n. 
RL= 
100 kQ 
Full range 
6.5 


VO=1.4V, 
VIC=O, 
25°C 
0.26 
2 
TLC25M4BC 
RS = 50 n. 
RL = 100 kQ 
Full range 
3 


Average temperature 
coefficient of input 
25°C to 
2.1 
JlV/oC 
aVIO 
offset voltage 
70°C 


25°C 
0.1 
110 
Input offset current (see Note 4) 
Vo = 5 V, 
VIC =5 V 
70°C 
7 
300 
pA 


25°C 
0.7 
lIB 
Input bias current (see Note 4) 
Vo = 5 V, 
VIC=5 
V 
70°C 
50 
600 
pA 


-0.2 
-0.3 
25°C 
to 
to 
V 


Common-mode 
input voltage range 
(see 
9 
9.2 
VICR 
Note 5) 
-0.2 
Full range 
to 
V 
8.5 


O°C 
7.8 
8.7 


VOH 
High-level output voltage 
VIO= 
100 mV, 
RL = 100 kQ 
25°C 
8 
8.7 
V 


70°C 
7.8 
8.7 


O°C 
0 
50 


VOL 
Low-level output voltage 
VIO = -100 
mY, 
10L=0 
25°C 
0 
50 
mV 


70°C 
0 
50 


O°C 
15 
320 


AvO 
Large-signal differential voltage 
VO=1Vt06V, 
RL=100kQ 
25°C 
25 
275 
V/mV 
amplification 
70°C 
15 
230 


O°C 
60 
94 


CMRR 
Common-mode 
rejection ratio 
VIC = VICRmin 
25°C 
65 
94 
dB 


70°C 
60 
94 


O°C 
60 
92 


kSVR 
Supply-voltage rejection ratio (LlVooitNIO) 
VOO = 5 V to 10 V, 
VO=1.4V 
25°C 
70 
93 
dB 


70°C 
60 
94 


O°C 
690 
1600 


'00 
Supply current (four amplifiers) 
Vo = 5 V, 
VIC =5 V, 
25°C 
570 
1200 
JlA 
No load 
70°C 
440 
1120 
t Full range is O°C to 70°C. 
NOTES: 
4. 
The typical values of input bias current and input offset current below 5 pA were determined mathematically. 
5. 
This range also applies to each input individually. 


~TEXAS 
INSTRUMENTS 


TLC254, TLC254A,TLC254B,TLC254~ 
TLC25L4, TLC25L4A,TLC25L4B 
TLC25L4~TLC25M4,TLC25M4A,TLC25M4B,TLC25M4Y 
LinCMOSTM QUAD OPERATIONAL AMPLIFIERS 
SLOS003F 
- JUNE 1983 - REVISED 
AUGUST 
1994 


TLC25M4C 


TEST CONDITIONS 
TLC25M4AC 
PARAMETER 
TA 
TLC25M48C 
UNIT 


MIN 
TYP 
MAX 


ooe 
0.46 
VIIlS 
VI(PP) = 1 V 
25°e 
0.43 
VIIlS 


RL= 
100 kn, 
eL = 20 pF, 
700e 
0.36 
SR 
Slew rate at unity gain 
See Figure 1 
ooe 
0.43 


VI(PP) = 2.5 V 
25°e 
0.40 
VIIlS 


700e 
0.34 


Vn 
Equivalent input noise voltage 
1= 1 kHz, 
RS = 20 Q, 
See Figure 2 
25°e 
32 
nVIVHz 


ooe 
60 


BOM 
Maximum output-swing 
bandwidth 
VO=VOH, 
eL = 20 pF, 
RL = 100 kQ, 
25°e 
55 
kHz 
See Figure 1 
700e 
50 


ooe 
610 


81 
Unity-gain bandwidth 
VI=10mV, 
eL = 20 pF, 
See Figure 1 
25°e 
525 
kHz 


700e 
400 


ooe 
41° 


<l>m 
Phase margin 
VI=10mV, 
I=B1, 
eL = 20 pF, 
25°e 
40° 
See Figure 3 
700e 
39° 


TLC25M4C 
TLC25M4AC 
PARAMETER 
TEST CONDITIONS 
TA 
TLC25M48C 
UNIT 


MIN 
TYP 
MAX 


ooe 
0.67 


VI(PP) = 1 V 
25°e 
0.62 


RL = 100 kn, 
eL = 20 pF, 
700e 
0.51 
SR 
Slew rate at unity gain 
VIIlS 
See Figure 1 
ooe 
0.61 


VI(PP) = 5.5 V 
25°e 
0.56 


700e 
0.46 


Vn 
Equivalent input noise voltage 
1= 1 kHz, 
RS = 20 Q, 
See Figure 2 
25°e 
32 
nVIVHz 


ooe 
40 


BOM 
Maximum output-swing 
bandwidth 
VO=VOH, 
eL = 20 pF, 
RL = 100 kQ, 
25°e 
35 
kHz 
See Figure 1 
700e 
30 


ooe 
710 


B1 
Unity-gain bandwidth 
VI = 10 mV, 
eL = 20 pF, 
See Figure 1 
25°e 
635 
kHz 


700e 
510 


ooe 
44° 


<l>m 
Phase margin 
VI=10mV, 
1=81, 
eL=20pF, 
25°e 
43° 
See Figure 3 
700e 
42° 


~TEXAS 
INSTRUMENTS 


TLC254, TLC254A,TLC254B,TLC254~ 
TLC25L4, TLC25L4A,TLC25L4B 
TLC25L4Y, TLC25M4, TLC25M4A, TLC25M4B, TLC25M4Y 
LinCMOSTMQUAD OPERATIONAL AMPLIFIERS 


SLOS003F 
- JUNE 1983 - REVISED 
AUGUST 
1994 


TEST 
TLC254Y 
TLC25L4Y 
TLC25M4Y 


PARAMETER 
UNIT 
CONDITIONS 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


Vo = 1.4 V, 


VIO 
Input offset voltage 
VIC =OV, 
1.1 
10 
1.1 
10 
1.1 
10 
mV 
RS = 50 n, 
See Note 6 


Average temperature 


aVIO 
coefficient of input 
1.8 
1.1 
1.7 
JlV/oC 
offset voltage 


110 
Input offset current 
Vo =VOoJ2, 
0.1 
0.1 
0.1 
pA 
(see Note 4) 
VIC =VooJ2 


liB 
Input bias current 
VO=VOO/2, 
0.6 
0.6 
0.6 
pA 
(see Note 4) 
VIC=VOoJ2 


Common-mode 
input 
-0.2 
-0.3 
-0.2 
-0.3 
-0.2 
-0.3 


VICR 
voltage range 
to 
to 
to 
to 
to 
to 
V 
(see Note 5) 
4 
4.2 
4 
4.2 
4 
4.2 


VOH 


High-level output 
VIO= 
100 mV, 
3.2 
3.8 
3.2 
4.1 
3.2 
3.9 
V 
voltage 
RL = 100 kQ 


VOL 
Low-level output voltage 
VIO =-100 
mY, 
0 
50 
0 
50 
0 
50 
mV 
10L= 0 


AVO 
Large-signal differential 
Vo = 0.25 V, 
5 
23 
50 
520 
25 
170 
V/mV 
voltage amplification 
See Note 6 


CMRR 
Common-mode 
rejection 
VIC = VICRmin 
65 
80 
65 
94 
65 
91 
dB 
ratio 


kSVR 


Supply-voltage 
rejection 
VOO=5Vt010V, 
65 
95 
70 
97 
70 
93 
dB 
ratio (fiVOoJtNIO) 
Vo = 1.4 V 


VO=VOoJ2, 


100 
Supply current 
VIC=VOO/2, 
2.7 
6.4 
0.04 
0.068 
0.42 
1.12 
mA 
No load 


NOTES: 
4. The typical values of input bias current and input offset current below 5 pA were determined 
mathematically. 


5. This range also applies to each input individually. 
6. For low-bias mode, RL = 1 MQ, for medium-bias 
mode, RL = 100 kQ, and for high-bias mode, RL = 10 kQ. 


TLC254Y 
TLC25L4Y 
TLC25M4Y 


PARAMETER 
TEST CONDITIONS 
UNIT 


MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


Slew rate at 
CL = 20 pF, 
I V!IPPl = 1 V 
3.6 
0.03 
0.43 


SR 
V/Jls 
unity gain 
See Note 6 
I VIIPPl = 2.5 V 
2.9 
0.03 
0.40 


Equivalent 


Vn 
input noise 
f = 1 kHz, 
RS =20Q 
2.5 
70 
32 
nV/..JRZ 
voltage 


Maximum 
VO=VOH, 
CL = 20 pF, 


BOM 
output-swing 
320 
5 
55 
kHz 


bandwidth 
RL = 10 kQ 


B1 


Unity-gain 
VI=10mV, 
CL = 20 pF 
1.7 
0.085 
0.525 
MHz 
bandwidth 


<I'm 
Phase margin 
f= B1, 
VI=10mV, 
46° 
34° 
40° 
CL = 20 pF 


~TEXAS 
INSTRUMENTS 


TLC254, TLC254A, TLC254B,TLC254~TLC25L4,TLC25L4A, 
TLC25L4B 
TLC25L4~TLC25M4,TLC25M4A,TLC25M4B,TLC25M4Y 
LinCMOSTM QUAD OPERATIONAL AMPLIFIERS 
SLOS003F 
- JUNE 1983 - REVISED 
AUGUST 
1994 


single-supply 
versus split-supply 
test circuits 


Because the TLC25_4, TLC25_4A, and TLC25_4B are optimized for single-supply 
operation, 
circuit 
configurations used for the various tests often present some inconvenience since the input signal, in many 
cases, must be offset from ground. This inconvenience can be avoided by testing the device with split supplies 
and the output load tied to the negative rail. A comparison of single-supply versus split-supply test circuits is 
shown below. The use of either circuit gives the same result. 


Voo- 
(b) SPLIT-SUPPLY 


+ 
Vo 
Vo 


20n 
20n 


-=- 
-=- 
-=- 
VOO- 


(a) SINGLE-SUPPLY 
(b) SPLIT-SUPPLY 


Figure 
2. Noise-Test 
Circuit 


10 k.Q 
10 k.Q 


VOO 
Voo+ 


loon 


VI 
VI 


1/2Voo 


Voo- 


(b) SPLIT-SUPPLY 
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FIGURE 


100 
Supply current 
vs Supply voltage 
4 
vs Free-air temperature 
5 


Low bias 
vs Frequency 
6 


AVO 
Large-signal differential voltage amplification 
Medium bias 
vs Frequency 
7 


High bias 
vs Frequency 
8 


Low bias 
vs Frequency 
6 


Phase shift 
Medium bias 
vs Frequency 
7 


High bias 
vs Frequency 
8 


SUPPLY CURRENT 
vs 
SUPPLY VOLTAGE 
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SUPPLY CURRENT 
vs 
FREE-AIR TEMPERATURE 


I 
I 
I 
VOO= 10V 
VIC=O 
High-Bias Versions 
VO=2V 
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VOO - Supply Voltage - V 


o 
o 
10 
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30 
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70 
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TA - Free-Air Temperature - °C 
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TYPICAL 
CHARACTERISTICS 


LOW-BIAS 
LARGE-SIGNAL 
DIFFERENTIAL 
VOLTAGE AMPLIFICATION 
AND PHASE SHIFT 
vs 
FREQUENCY 
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Figure 6 


MEDIUM-BIAS 
LARGE-SIGNAL 
DIFFERENTIAL 
VOLTAGE AMPLIFICATION 
AND PHASE SHIFT 
vs 
FREQUENCY 
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Junction-isolated 
CMOS circuits 
have an inherent 
parasitic 
PNPN structure 
that can function 
as an SCR. Under 
certain 
conditions, 
this SCR may be triggered 
into a low-impedance 
state, resulting 
in excessive 
supply current. 


To avoid such conditions, 
no voltage 
greater 
than 0.3 V beyond 
the supply 
rails should 
be applied 
to any pin. 


In general, 
the operational 
amplifiers 
supplies 
should be established 
simultaneously 
with, or before, application 
of any input signals. 


output stage considerations 


The 
amplifier's 
output 
stage 
consists 
of a source-follower-connected 
pullup 
transistor 
and 
an open-drain 
pulldown 
transistor. 
The 
high-level 
output 
voltage 
(VOH) 
is virtually 
independent 
of the 
100 selection 
and 
increases 
with higher values of V 00 and reduced 
output loading. The low-level 
output voltage 
(VOL) decreases 
with reduced 
output current 
and higher 
input common-mode 
voltage. 
With no load, VOL is essentially 
equal to 
the potential 
of Voo_/GND. 


supply configurations 


Even though the TLC25_ 4C series is are characterized 
for single-supply 
operation, 
they can be used effectively 
in a split-supply 
configuration 
ifthe input common-mode 
voltage (VieR), output swing (VOL and VOH), and supply 
voltage 
limits are not exceeded. 


circuit layout precautions 


Whenever 
extremely 
high circuit 
impedances 
are used, care must be exercised 
in layout, 
construction, 
board 
cleanliness, 
and supply 
filtering 
to avoid hum and noise pickup 
as well as excessive 
dc leakages. 
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• 
Input Offset Voltage Drift ... 
Typically 
0.1 J.tVlMonth, Including 
the First 30 Days 


• 
Wide Range of Supply Voltages Over 
Specified Temperature 
Range: 
O°Cto 70°C 
3 V to 16 V 
-40°C to 85°C 
4 V to 16 V 
-55°C to 125°C 
5 V to 16 V 


• 
Single-Supply 
Operation 
• 
Common-Mode 
Input Voltage Range 
Extends Below the Negative Rail (C-Suffix 
and I-Suffix Types) 


• 
Low Noise ... 
25 nVl'I"HZTypically at 
f = 1 kHz (High-Bias 
Mode) 


• 
Output Voltage Range includes 
Negative 
Rail 


• 
High Input Impedance ... 
1012 Q Typ 


• 
ESD-Protection 
Circuitry 
• 
Small-Outline 
Package Option Also 
Available in Tape and Reel 


• 
Designed-In 
Latch-Up Immunity 


0, JG, OR P PACKAGE 
(TOP VIEW) 


OFFSET N108 
BIAS SELECT 
IN - 
2 
7 
VDD 
IN + 
3 
6 
OUT 
GND 
4 
5 
OFFSET N2 


FKPACKAGE 
(TOP VIEW) 
f-u 
Z 
~ 
tii 
~ 
12 
(J) 
uu.u~u 
ZOZCIlZ 


NC 
IN- 
NC 
IN+ 
NC 


3 
2 
1 
2019 
4 
18 


5 
17 


6 
16 


7 
15 


8 
14 
9 
1011 
1213 


NC 


VDD 
NC 
OUT 
NC 


The TLC271 operational amplifier combines a 
wide range of input offset voltage grades with low 
offset voltage drift and high input impedance. In 
addition, the TLC271 offers a bias-select mode 
that allows the user to select the best combination of power dissipation and ac performance for a particular 
application. These devices use Texas Instruments silicon-gate LinCMOSn.•technology, which provides offset 
voltage stability far exceeding the stability available with conventional metal-gate processes. 


~~~~~ 
C) 
f- 
W 
(J) 
U. 
U.o 
NC - No internal connection 


PACKAGE 


TA 
Vlomax 
SMALL 
CHIP 
CERAMIC 
PLASTIC 
AT 25°C 
OUTLINE 
CARRIER 
DIP 
DIP 
(D) 
(FK) 
(JG) 
(P) 


O°C 
2mV 
TLC271 BCD 
TLC271BCP 
to 
5mV 
TLC271ACD 
- 
- 
TLC271ACP 
70°C 
10mV 
TLC271CD 
TLC271CP 


-40°C 
2mV 
TLC271BID 
TLC271BIP 
to 
5mV 
TLC271AID 
- 
- 
TLC271AIP 
85°C 
10mV 
TLC2711D 
TLC2711P 


-55°C 
to 
10mV 
TLC271MD 
TLC271MFK 
TLC271MJG 
TLC271MP 
125°C 


The D package is available taped and reeled. Add R suffix to the device type (e.g., 
TLC271 BCDR). 


PRODUCTION DATA Information Is current IS of publication 
date. 


Products conform 10specifications per the terms of Texas Instruments 
standard 
warranty. 
Production 
processing 
does 
not necessarity 
include 
testing of all parameters. 
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BIAS-SELECT 
MODE 
PARAMETERt 
UNIT 
HIGH 
MEDIUM 
LOW 


Po 
3375 
525 
50 
IlW 


SR 
3.6 
0.4 
0.03 
VIIlS 


Vn 
25 
32 
68 
nVI-JRZ 


Bl 
1.7 
0.5 
0.09 
MHz 


AVO 
23 
170 
480 
VlmV 


description 
(continued) 


Using the bias-select option, these cost-effective devices can be programmed to span a wide range of 
applications that previously required BiFET, NFET or bipolar technology. Three offset voltage grades are 
available (C-suffix and I-suffix types), ranging from the low-cost TLC271 (10 mV) to the TLC271 B (2 mV) 
low-offset version. The extremely high input impedance and low bias currents, in conjunction with good 
common-mode 
rejection 
and supply 
voltage 
rejection, 
make these devices 
a good choice for new 
state-of-the-art designs as well as for upgrading existing designs. 


In general, many features associated with bipolar technology are available in LinCMOSTMoperational amplifiers, 
without the power penalties of bipolar technology. General applications such as transducer interfacing, analog 
calculations, amplifier blocks, active filters, and signal buffering are all easily designed with the TLC271. The 
devices also exhibit low-voltage single-supply 
operation, 
making them ideally suited for remote and 
inaccessible battery-powered applications. The common-mode input voltage range includes the negative rail. 


A wide range of packaging options is available, including small-outline and chip-carrier versions for high-density 
system applications. 


The device inputs and output are designed to withstand -1 OO-mAsurge currents without sustaining latch-up. 


The TLC271 incorporates internal ESD-protection circuits that prevent functional failures at voltages up to 2000 
Vas tested under MIL-STD-883C, Method 3015.2; however, care should be exercised in handling these devices 
as exposure to ESD may result in the degradation of the device parametric performance. 


The C-suffix devices are characterized for operation from O°Cto 70°C. The I-suffix devices are characterized 
for operation from -40°C 
to 85°C. The M-suffix devices are characterized for operation over the full military 
temperature range of - 55°C to 125°C. 


The TLC271 offers a bias-select feature that allows the user to select anyone of three bias levels depending 
on the level of performance desired. The tradeoffs between bias levels involve ac performance and power 
dissipation (see Table 1). 
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bias-select 
feature 
(continued) 


Table 1. Effect of Bias Selection 
on Performance 


MODE 
TYPICAL 
PARAMETER 
VALUES 
UNIT 
TA = 25°C, VDD = 5 V 
HIGH BIAS 
MEDIUM BIAS 
LOW BIAS 
RL=10 
kQ 
RL=100 
kn 
RL= 
1 MQ 


PD 
Power dissipation 
3.4 
0.5 
0.05 
mW 


SR 
Slew rate 
3.6 
0.4 
0.03 
VIIlS 


Vn 
Equivalent input noise voltage at f = 1 kHz 
25 
32 
68 
nVI-JRZ 


Bl 
Unity-gain bandwidth 
1.7 
0.5 
0.09 
MHz 


<l>m 
Phase margin 
46° 
40° 
34° 


AVD 
Large-signal 
differential voltage amplification 
23 
170 
480 
VlmV 


Bias selection 
is achieved 
by connecting 
the bias select 
pin to one of three voltage 
levels 
(see Figure 
1). For 
medium-bias 
applications, 
it is recommended 
that the bias select pin be connected 
to the midpoint 
between 
the 
supply 
rails. This procedure 
is simple 
in split-supply 
applications, 
since this point is ground. 
In single-supply 
applications, 
the medium-bias 
mode necessitates 
using a voltage 
divider 
as indicated 
in Figure 
1. The use of 
large-value 
resistors 
in the voltage divider reduces the current drain of the divider from the supply line. However, 


large-value 
resistors 
used in conjunction 
with a large-value 
capacitor 
require 
significant 
time to charge 
up to 
the supply 
midpoint 
after the supply 
is switched 
on. A voltage 
other than the midpoint 
can be used if it is within 
the voltages 
specified 
in Figure 
1. 


BIAS MODE 
BIAS-SELECT 
VOLTAGE 
(single 
supply) 


Low 
VDD 


Medium 
1 VtoVDD-l 
V 


High 
GND 


Low 
1 MQ 


Medium 


I°,01IlF 


high-bias 
mode 


In the high-bias 
mode, the TLC271 
series features 
low offset voltage 
drift, high input impedance, 
and low noise. 


Speed in this mode approaches 
that of BiFET devices 
but at only a fraction 
of the power dissipation. 
Unity-gain 
bandwidth 
is typically 
greater 
than 1 MHz. 


The TLC271 
in the medium-bias 
mode features 
low offset voltage 
drift, high input impedance, 
and low noise. 


Speed 
in this mode is similar to general-purpose 
bipolar 
devices 
but power dissipation 
is only a fraction 
of that 
consumed 
by bipolar 
devices. 
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In the low-bias 
mode, the TLC271 
features 
low offset voltage 
drift, high input impedance, 
extremely 
low power 
consumption, 
and high differential 
voltage 
gain. 


TOPIC 
BIAS MODE 


schematic 
all 


absolute maximum ratings 
all 


recommended 
operating conditions 
all 


electrical characteristics 
high 
operating characteristics 
typical characteristics 
(Figures 2 - 33) 


electrical characteristics 
medium 
operating characteristics 
(Figures 34 - 65) 
typical characteristics 


electrical characteristics 
low 
operating characteristics 
(Figures 66 - 97) 
typical characteristics 


parameter measurement 
information 
all 


application information 
all 
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absolute maximum ratings over operating free-air temperature (unless otherwise noted)t 


Supply 
voltage, 
VDD (see Note 1) 
18 V 


Differential 
input voltage, 
VID (see Note 2) 
±VDD 
Input voltage 
range, VI (any input) 
- 0.3 V to VDD 
Input current, 
II 
±5 mA 
Output 
current, 
10 ..........................................•............................ 
±30 
mA 
Duration 
of short-circuit 
current 
at (or below) 
25°C (see Note 3) 
Unlimited 
Continuous 
total dissipation 
See Dissipation 
Rating Table 
Operating 
free-air 
temperature, 
TA: C suffix 
O°C to 70°C 
I suffix 
- 40°C to 85°C 
M suffix 
- 55°C to 125°C 
Storage 
temperature 
range 
- 65°C to 150°C 
Case temperature 
for 60 seconds: 
FK package 
260°C 
Lead temperature 
1,6 mm (1/16 inch) from case for 10 seconds: 
D or P package 
260°C 
Lead temperature 
1,6 mm (1/16 inch) from case for 60 seconds: 
JG package 
300°C 


t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions 
beyond those indicated under "recommended 
operating conditions" 
is not 
implied. Exposure to absolute-maximum-rated 
conditions for extended periods may affect device reliability. 


NOTES: 
1. 
All voltage values. except differential voltages, are with respect to network ground. 


2. 
Differential voltages are at IN+ with respect to IN-. 


3. 
The output may be shorted to either supply. Temperature 
and/or supply voltages 
must be limited to ensure that the maximum 
dissipation rating is not exceeded (see application section). 


PACKAGE 
TA,,25°C 
DERATING FACTOR 
TA = 70°C 
TA = 85°C 
TA = 125°C 
POWER RATING 
ABOVE TA = 25°C 
POWER RATING 
POWER RATING 
POWER RATING 


D 
725mW 
5.8 mW/oC 
464mW 
377mW 
145mW 


FK 
1375mW 
11.0 mW/oC 
880mW 
715mW 
275mW 


JG 
1050mW 
8.4 mW/oC 
672mW 
546mW 
210mW 
p 
1000mW 
8.0 mW/oC 
640mW 
520mW 
200mW 


CSUFFIX 
I SUFFIX 
M SUFFIX 
UNIT 
MIN 
MAX 
MIN 
MAX 
MIN 
MAX 


Supply voltage, VDD 
3 
16 
4 
16 
5 
16 
V 
IVDD =5 V 
-0.2 
3.5 
-0.2 
3.5 
0 
3.5 
Common-mode 
input voltage. VIC 
I VDD= 
10V 
V 
-0.2 
8.5 
-0.2 
8.5 
0 
8.5 


Operating free-air temperature, 
TA 
0 
70 
-40 
85 
-55 
125 
°C 
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TLC271C,TLC271AC,TLC271BC 


PARAMETER 
TEST 
TAt 
VOO= 5 V 
VOO=10V 
UNIT 
CONOITIONS 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


25°C 
1.1 
10 
1.1 
10 


TLC271C 


Full range 
12 
12 


VO=l.4V, 


25°C 
0.9 
5 
0.9 
5 


VIO 
Input offset voltage 
TLC271AC 
VIC = 0 V, 
mV 
RS =50Q, 
Full range 
6.5 
6.5 


RL=10kQ 
25°C 
0.34 
2 
0.39 
2 


TLC271BC 


Full range 
3 
3 


Average temperature 
coefficient 
25°C to 
1.8 
2 
IlV/oC 
aVIO 
of input offset voltage 
70°C 


Vo =VOO/2, 
25°C 
0.1 
0.1 


110 
Input offset current (see Note 4) 
VIC =Voo/2 
70°C 
7 
300 
7 
300 
pA 


Vo =Voo/2, 
25°C 
0.6 
0.7 
liB 
Input bias current (see Note 4) 
VIC =VOO/2 
70°C 
40 
600 
50 
600 
pA 


-0.2 
-0.3 
-0.2 
-0.3 


25°C 
to 
to 
to 
to 
V 
4 
4.2 
9 
9.2 


VICR 
Common-mode 
input voltage 


-0.2 
-0.2 
range (see Note 5) 


Full range 
to 
to 
V 


3.5 
8.5 


25°C 
3.2 
3.8 
8 
8.5 


VOH 
High-level output voltage 
VIO = 100 mV, 
O°C 
3 
3.8 
7.8 
8.5 
V 
RL=10kQ 
70°C 
3 
3.8 
7.8 
8.4 


25°C 
0 
50 
0 
50 


VOL 
Low-level output voltage 
VIO = -100 
mV, 
O°C 
0 
50 
0 
50 
mV 
10L=0 
70°C 
0 
50 
0 
50 


25°C 
5 
23 
10 
36 


AvO 
Large-signal 
differential 
RL= 
10 kQ, 
O°C 
4 
27 
7.5 
42 
V/mV 
voltage amplification 
See Note 6 


70°C 
4 
20 
7.5 
32 


25°C 
65 
80 
65 
85 


CMRR 
Common-mode 
rejection ratio 
VIC = VICRmin 
O°C 
60 
84 
60 
88 
dB 


70°C 
60 
85 
60 
88 


25°C 
65 
95 
65 
95 


kSVR 
Supply-voltage 
rejection ratio 
VOO=5Vtol0V 
O°C 
60 
94 
60 
94 
dB 
(~VOO/~VIO) 
VO=l.4V 
70°C 
60 
96 
60 
96 


II(SEL) 
Input current (BIAS SELECT) 
VI(SEL) = 0 
25°C 
-1.4 
-1.9 
IJ.A 


Vo =VOO/2, 
25°C 
675 
1600 
950 
2000 


100 
Supply current 
VIC =Voo/2, 
O°C 
775 
1800 
1125 
2200 
IJ.A 


No load 
70°C 
575 
1300 
750 
1700 


t Full range is O°C to 70°C. 
NOTES: 
4. 
The typical values of input bias current and input offset current below 5 pA were determined 
mathematically. 
5. 
This range also applies to each input individually. 
6. 
At VOO = 5 V, Vo = 0.25 V to 2 V; at VOO = 10 V, Vo = 1 V to 6 V. 
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TLC271I, TLC271 AI, TLC271 BI 


PARAMETER 
TEST 
TAt 
VDD=5 
V 
VDD = 10V 
UNIT 
CONDITIONS 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


25°C 
1.1 
10 
1.1 
10 
TLC271I 
Full range 
13 
13 
VO=1.4V, 


25°C 
0.9 
5 
0.9 
5 
VIO 
Input offset voltage 
TLC271AI 
VIC =OV, 
mV 
RS = 50 n, 
Full range 
7 
7 
RL=10kQ 
25°C 
0.34 
2 
0.39 
2 
TLC271BI 
Full range 
3.5 
3.5 


Average temperature 
coefficient 
25"C to 
1.8 
2 
flV/"C 
«VIO 
of input offset voltage 
85"C 


VO= 
VOO/2, 
25"C 
0.1 
0.1 
110 
Input offset current (see Note 4) 
VIC =Voo/2 
85"C 
24 
1000 
26 
1000 
pA 


VO=Voo/2, 
25"C 
0.6 
0.7 
liB 
Input bias current (see Note 4) 
VIC= 
Voo/2 
85°C 
200 
2000 
220 
2000 
pA 


-0.2 
-0.3 
-0.2 
-0.3 
25"C 
to 
to 
to 
to 
V 


Common-mode 
input 
4 
4.2 
9 
9.2 


VICR 
voltage range (see Note 5) 
-0.2 
-0.2 
Full range 
to 
to 
V 
3.5 
8.5 


25"C 
3.2 
3.8 
8 
8.5 


VOH 
High-level output voltage 
VIO= 
100 mY, 
-40"C 
3 
3.8 
7.8 
8.5 
V 
RL=10kQ 
85"C 
3 
3.8 
7.8 
8.5 


25"C 
0 
50 
0 
50 


VOL 
Low-level output voltage 
VIO = -100 mY, 
-40"C 
0 
50 
0 
50 
mV 
10L=0 
85"C 
0 
50 
0 
50 


25"C 
5 
23 
10 
36 


AvO 
Large-signal differential 
RL=10kQ, 
-40"C 
3.5 
32 
7 
46 
V/mV 
voltage amplification 
See Note 6 
85"C 
3.5 
19 
7 
31 


25"C 
65 
80 
65 
85 


CMRR 
Common-mode 
rejection ratio 
VIC = VICRmin 
-40"C 
60 
81 
60 
87 
dB 


85"C 
60 
86 
60 
88 


25"C 
65 
95 
65 
95 


kSVR 
Supply-voltage 
rejection ratio 
VOO = 5 V to 10 V 
-40"C 
60 
92 
60 
92 
dB 
(tNOOltNIO) 
Vo = 1.4 V 
85°C 
60 
96 
60 
96 


II(SEL) 
Input current (BIAS SELECT) 
VI(SEL) = 0 
25°C 
-1.4 
-1.9 
flA 


VO=VOO/2, 
25"C 
675 
1600 
950 
2000 


100 
Supply current 
VIC =VOO/2, 
-40"C 
950 
2200 
1375 
2500 
flA 
No load 
85"C 
525 
1200 
725 
1600 


t Full range is -40"C 
to 85°C. 
NOTES: 
4. 
The typical values of input bias current and input offset current below 5 pA were determined 
mathematically. 


5. 
This range also applies to each input individually. 


6. 
At VOO = 5 V, Vo = 0.25 V to 2 V; at VOO = 10 V, Vo = 1 V to 6 V. 
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TLC271M 
TEST 
TAt 
VOO =5 V 
VOO=10V 
UNIT 
PARAMETER 
CONOITIONS 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


VO=1.4V, 
25°C 
1.1 
10 
1.1 
10 


VIO 
Input offset voltage 
VIC = OV, 
mV 
RS = 50 fl, 
Full range 
12 
12 
RL=10kfl 


Average temperature 
coefficient 
25°C to 
2.1 
2.2 
JlVloC 
(LVIO 
of input offset voltage 
125°C 


VO=VOO/2, 
25°C 
0.1 
0.1 
pA 
110 
Input offset current (see Note 4) 
VIC=VOO/2 
125°C 
1.4 
15 
1.8 
15 
nA 


VO= 
VOO/2, 
25°C 
0.6 
0.7 
pA 
liB 
Input bias current (see Note 4) 
VIC = Voo/2 
125°C 
9 
35 
10 
35 
nA 


0 
-0.3 
0 
-0.3 
25°C 
to 
to 
to 
to 
V 


Common-mode 
input voltage 
4 
4.2 
9 
9.2 
VICR 
range (see Note 5) 
0 
0 
Full range 
to 
to 
V 
3.5 
8.5 


25°C 
3.2 
3.8 
8 
8.5 


VOH 
High-level output voltage 
V/D = 100 mY, 
-55°C 
3 
3.8 
7.8 
8.5 
V 
RL = 10 kfl 
125°C 
3 
3.8 
7.8 
8.4 


25°C 
0 
50 
0 
50 


VOL 
Low-level output voltage 
VIO = -100 mY, 
-55°C 
0 
50 
0 
50 
mV 
10L=0 
125°C 
0 
50 
0 
50 


25°C 
5 
23 
10 
36 


AVO 
Large-signal differential 
RL = 10 kfl. 
-55°C 
3.5 
35 
7 
50 
VlmV 
voltage amplification 
See Note 6 
125°C 
3.5 
16 
7 
27 


25°C 
65 
80 
65 
85 


CMRR 
Common-mode 
rejection ratio 
VIC = VICRmin 
-55°C 
60 
81 
60 
87 
dB 


125°C 
60 
84 
60 
86 


25°C 
65 
95 
65 
95 


kSVR 
Supply-voltage 
rejection ratio 
VOO=5Vt010V 
-55°C 
60 
90 
60 
90 
dB 
(ll.VOO/ll.VIO) 
VO=1.4V 
125°C 
60 
97 
60 
97 


II(SEL) 
Input current (BIAS SELECT) 
VI(SEL) = 0 
25°C 
-1.4 
-1.9 
JlA 


VO= 
VOO/2, 
25°C 
675 
1600 
950 
2000 


100 
Supply current 
VIC =Voo/2. 
-55°C 
1000 
2500 
1475 
3000 
JlA 
No load 
125°C 
475 
1100 
625 
1400 
t Full range is-55°C 
to 125°C. 


NOTES: 
4. 
The typical values of input bias current and input offset current below 5 pA were determined 
mathematically. 
5. 
This range also applies to each input individually. 


6. 
At VOO = 5 V. Vo = 0.25 V to 2 V; at VOO = 10 V. Vo = 1 V to 6 V. 
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TLC271C. TLC271AC. 


PARAMETER 
TEST CONDITIONS 
TA 
TLC271BC 
UNIT 
MIN 
TYP 
MAX 


25°C 
3.6 


VI(PP) = 1 V 
O°C 
4 
RL=1Dkn, 
70°C 
3 
SR 
Slew rate at unity gain 
CL = 20 pF, 
V/flS 
See Figure 98 
25°C 
2.9 


VI(PP) = 2.5 V 
O°C 
3.1 


70°C 
2.5 


Vn 
Equivalent input noise voltage 
1= 1 kHz, 
RS = 20 n, 
25°C 
25 
nV/..JHZ 
See Figure 99 


25°C 
320 


80M 
Maximum output-swing 
bandwidth 
VO=VOH, 
CL = 20 pF, 
O°C 
340 
kHz 
RL=10kn, 
See Figure 98 
70°C 
260 


25°C 
1.7 


81 
Unity-gain bandwidth 
V,=10mV, 
CL = 20 pF, 
O°C 
2 
MHz 
See Figure 100 


70°C 
1.3 


25°C 
46° 


epm 
Phase margin 
V,=10mV, 
1=81, 
O°C 
47° 
CL = 20 pF, 
See Figure 100 
70°C 
44° 


TLC271C, TLC271AC. 


PARAMETER 
TEST CONDITIONS 
TA 
TLC271BC 
UNIT 
MIN 
TYP 
MAX 


25°C 
5.3 


VI(PP) = 1 V 
O°C 
5.9 
RL=10kn, 
70°C 
4.3 
SR 
Slew rate at unity gain 
CL = 20 pF, 
V/flS 
See Figure 98 
25°C 
4.6 


VI(PP) = 5.5 V 
O°C 
5.1 


70°C 
3.8 


Vn 
Equivalent input noise voltage 
1= 1 kHz, 
RS = 20 n, 
25°C 
25 
nV/..JHZ 
See Figure 99 


25°C 
200 


80M 
Maximum output-swing 
bandwidth 
VO=VOH, 
CL = 20 pF, 
O°C 
220 
kHz 
RL=10kn, 
See Figure 98 
70°C 
140 


25°C 
2.2 


81 
Unity-gain bandwidth 
V, = 10mV, 
CL = 20 pF, 
O°C 
2.5 
MHz 
See Figure 100 
70°C 
1.8 


25°C 
49° 


epm 
Phase margin 
1=81, 
V,=10mV, 


O°C 
50° 
CL = 20 pF, 
See Figure 100 
70°C 
46° 
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TLC271I, TLC271 AI, 


PARAMETER 
TEST CONDITIONS 
TA 
TLC271BI 
UNIT 
MIN 
TYP 
MAX 


25°C 
3.6 


VI(PP) = 1 V 
-40°C 
4.5 
Rl=10kn, 
85°C 
2.8 
SR 
Slew rate at unity gain 
Cl = 20 pF, 
V/IlS 
See Figure 98 
25°C 
2.9 


VI(PP) = 2.5 V 
-40°C 
3.5 


85°C 
2.3 


Vn 
Equivalent input noise voltage 
1= 1 kHz, 
RS = 20 Q, 
25°C 
25 
nV/\I'HZ 
See Figure 99 


25°C 
320 


BOM 
Maximum output-swing 
bandwidth 
VO=VOH, 
CL = 20 pF, 
-40°C 
380 
kHz 
Rl=10kn, 
See Figure 98 
85°C 
250 


25°C 
1.7 


B1 
Unity-gain bandwidth 
VI=10mV, 
CL = 20 pF, 
-40°C 
2.6 
MHz 
See Figure 100 
85°C 
1.2 


25°C 
46° 


<Pm 
Phase margin 
VI=10mV, 
I=B1, 
-40°C 
49° 
Cl = 20 pF, 
See Figure 100 
85°C 
43° 


TLC271I, TLC271 AI, 


PARAMETER 
TEST CONDITIONS 
TA 
TLC271BI 
UNIT 
MIN 
TYP 
MAX 


25°C 
5.3 


VI(PP) = 1 V 
-40°C 
6.8 
Rl = 10 kn, 
85°C 
4 
SR 
Slew rate at unity gain 
Cl = 20 pF, 
V/IlS 
See Figure 98 
25°C 
4.6 


VI(PP) = 5.5 V 
-40°C 
5.8 


85°C 
3.5 


Vn 
Equivalent input noise voltage 
1= 1 kHz, 
RS = 20 n, 
25°C 
25 
nV/\I'HZ 
See Figure 99 


25°C 
200 


BOM 
Maximum output-swing 
bandwidth 
VO=VOH, 
Cl = 20 pF, 
-40°C 
260 
kHz 
Rl = 10 kQ, 
See Figure 98 
85°C 
130 


25°C 
2.2 


B1 
Unity-gain bandwidth 
VI = 10 mV, 
Cl = 20 pF, 
-40°C 
3.1 
MHz 
See Figure 100 
85°C 
1.7 


25°C 
49° 


<Pm 
Phase margin 
VI=10mV, 
I=B1, 
-40°C 
52° 
CL = 20 pF, 
See Figure 100 
85°C 
46° 


~TEXAS 
INSTRUMENTS 


TLC271,TLC271A,TLC271B 
LinCMOSTM PROGRAMMABLE 
LOW-POWER 
OPERATIONAL AMPLIFIERS 
SLOS090B 
- NOVEMBER 
1987 - REVISED 
AUGUST 
1996 


TLC271M 
PARAMETER 
TEST CONDITIONS 
TA 
MIN 
TYP 
MAX 
UNIT 


25°C 
3.6 


VI(PP) = 1 V 
-55°C 
4.7 
RL= 
10 kil, 
125°C 
2.3 
SR 
Slew rate at unity gain 
CL = 20 pF, 
25°C 
V/Jls 
See Figure 98 
2.9 


VI(PP) = 2.5 V 
-55°C 
3.7 


125°C 
2 


Vn 
Equivalent input noise voltage 
1= 1 kHz, 
RS = 20 Q, 
25°C 
25 
nV/-.ffiZ 
See Figure 99 


25°C 
320 


80M 
Maximum output-swing 
bandwidth 
VO=VOH, 
CL = 20 pF, 
-55°C 
400 
kHz 
RL=10kQ, 
See Figure 98 
125°C 
230 


25°C 
1.7 


81 
Unity-gain bandwid1h 
VI=10mV, 
CL = 20 pF, 
-55°C 
2.9 
MHz 
See Figure 100 
125°C 
1.1 


25°C 
46° 


4>m 
Phase margin 
VI = 10 mY, 
1=81, 
-55°C 
49° 
CL = 20 pF, 
See Figure 100 
125°C 
41° 


TLC271M 
PARAMETER 
TEST CONDITIONS 
TA 
MIN 
TYP 
MAX 
UNIT 


25°C 
5.3 


VI(PP) = 1 V 
-55°C 
7.1 
RL= 
10kQ, 
125°C 
3.1 
SR 
Slew rate at unity gain 
CL = 20 pF, 
V/Jls 
See Figure 98 
25°C 
4.6 


VI(PP) = 5.5 V 
-55°C 
6.1 


125°C 
2.7 


Vn 
Equivalent input noise voltage 
1= 1 kHz, 
RS = 20 Q, 
25°C 
25 
nV/-.ffiZ 
See Figure 99 


25°C 
200 


80M 
Maximum output-swing 
bandwidth 
VO=VOH, 
CL = 20 pF, 
-55°C 
280 
kHz 
RL = 10 kQ, 
See Figure 98 
125°C 
110 


25°C 
2.2 


81 
Unity-gain bandwidth 
VI = 10 mV, 
CL = 20 pF, 
-55°C 
3.4 
MHz 
See Figure 100 
125°C 
1.6 


25°C 
49° 


4>m 
Phase margin 
1=81, 
VI=10mV, 
-55°C 
52° 
CL = 20 pF, 
See Figure 100 
125°C 
44° 
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FIGURE 


VIO 
Input offset voltage 
Distribution 
2,3 


aVIO 
Temperature coefficient 
Distribution 
4,5 


vs High-level output current 
6,7 
VOH 
High-level output voltage 
vs Supply voltage 
8 
vs Free-air temperature 
9 


vs Common-mode 
input voltage 
10,11 


VOL 
Low-level output voltage 
vs Differential input voltage 
12 
vs Free-air temperature 
13 
vs Low-level output current 
14,15 


vs Supply voltage 
16 
AVD 
Large-signal 
differential voltage amplification 
vs Free-air temperature 
17 
vs Frequency 
28,29 


liB 
Input bias current 
vs Free-air temperature 
18 


110 
Input offset current 
vs Free-air temperature 
18 


VIC 
Common-mode 
input voltage 
vs Supply voltage 
19 


IDD 
Supply current 
vs Supply voltage 
20 
vs Free-air temperature 
21 


SR 
Slew rate 
vs Supply voltage 
22 
vs Free-air temperature 
23 


Bias-select current 
vs Supply voltage 
24 


VOIPPl 
Maximum peak-to-peak 
output voltage 
vs Frequency 
25 


B1 
Unity-gain bandwidth 
vs Free-air temperature 
26 
vs Supply voltage 
27 


AVD 
Large-signal 
differential voltage amplification 
vs Frequency 
28,29 


vs Supply voltage 
30 
<l>m 
Phase margin 
vs Free-air temperature 
31 
vs Load capacitance 
32 


Vn 
Equivalent input noise voltage 
vs Frequency 
33 


Phase shift 
vs Frequency 
28,29 
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Figure 13 
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Figure 16 
Figure 17 
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TLC271C,TLC271AC,TLC271BC 


PARAMETER 
TEST CONOITIONS 
TAt 
VOO=5V 
VOO= 10V 
UNIT 


MIN 
TYP 
MAX 
MfN 
TYP 
MAX 


25°C 
1.1 
10 
1.1 
10 
TLC271C 


VO=1.4V, 
Full range 
12 
12 


VIC=O 
25°C 
0.9 
5 
0.9 
5 
VIO 
Input offset voltage 
TLC271AC 
mV 
RS = 50 Q, 
FUll range 
6.5 
6.5 
RI = 100 kfl 
25°C 
0.25 
2 
0.26 
2 
TLC271BC 
FUll range 
3 
3 


Average temperature 
coefficient 
25°C to 
1.7 
2.1 
!lVrC 
aVIO 
of input offset voltage 
70°C 


VO=VOO/2, 
25°C 
0.1 
0.1 
110 
Input offset current (see Note 4) 
VIC= 
VOO/2 
70°C 
7 
300 
7 
300 
pA 


VO=VOO/2, 
25°C 
0.6 
0.7 
liB 
Input bias current (see Note 4) 
VIC=VOO/2 
70°C 
40 
600 
50 
600 
pA 


-0.2 
-0.3 
-0.2 
-0.3 


25°C 
to 
to 
to 
to 
V 


Common-mode 
input 
4 
4.2 
9 
9.2 
VICR 
voltage range (see Note 5) 
-0.2 
-0.2 
FUll range 
to 
to 
V 
3.5 
8.5 


25°C 
3.2 
3.9 
8 
8.7 


VOH 
High-level output voltage 
VIO = 100mV, 
O°C 
3 
3.9 
7.8 
8.7 
V 
RL = 100 kQ 
70°C 
3 
4 
7.8 
8.7 


25°C 
0 
50 
0 
50 


VOL 
Low-level output voltage 
VIO=-100mV, 
O°C 
0 
50 
0 
50 
mV 
10L=0 
70°C 
0 
50 
0 
50 


25°C 
25 
170 
25 
275 


AVO 
Large-signal 
differential 
RL= 
100kQ, 
O°C 
15 
200 
15 
320 
V/mV 
voltage amplification 
See Note 6 
70°C 
15 
140 
15 
230 


25°C 
65 
91 
65 
94 


CMRR 
Common-mode 
rejection ratio 
VIC = VICRmin 
O°C 
60 
91 
60 
94 
dB 


70°C 
60 
92 
60 
94 


25°C 
70 
93 
70 
93 


kSVR 
Supply-voltage 
rejection ratio 
VOO=5Vt010V 
O°C 
60 
92 
60 
92 
dB 
(~Voo/t.vIO) 
VO= 
1.4 V 
70°C 
60 
94 
60 
94 


II(SELl 
Input current (BIAS SELECT) 
VI/SEL) = VOO/2 
25°C 
-130 
-160 
nA 


VO=VOO/2, 
25°C 
105 
280 
143 
300 


100 
Supply current 
VIC =Voo/2, 
O°C 
125 
320 
173 
400 
JlA 
No load 
70°C 
85 
220 
110 
280 
t FUll range is O°C to 70°C. 
NOTES: 
4. 
The typical values of input bias current and input offset current below 5 pA were determined 
mathematically. 
5. 
This range also applies to each input individually. 
6. 
At VOO = 5 V, Vo = 0.25 V to 2 V; at VOO = 10 V, Vo = 1 V to 6 V. 
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TLC271I, TLC271AI, 
TLC271BI 
TEST 
TAt 
VDD =5 V 
VDD = 10 V 
UNIT 
PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


25°C 
1.1 
10 
1.1 
10 
TLC271I 


VO=1.4V, 
Full range 
13 
13 


VIC = OV, 
25°C 
0.9 
5 
0.9 
5 
VIO 
Input offset voltage 
TLC271AI 
mV 
RS=50n, 
Full range 
7 
7 
RL= 
100 kn 
25°C 
0.25 
2 
0.26 
2 
TLC271BI 
Full range 
3.5 
3.5 


Average temperature 
coefficient 
25°C to 
1.7 
2.1 
IlV/oC 
aVIO 
of input offset voltage 
85°C 


Vo =VOO/2, 
25°C 
0.1 
0.1 
110 
Input offset current (see Note 4) 
VIC=VOO/2 
85°C 
24 
1000 
26 
1000 
pA 


Vo = VOO/2, 
25°C 
0.6 
0.7 
liB 
Input bias current (see Note 4) 
VIC=VOO/2 
85°C 
200 
2000 
220 
2000 
pA 


-0.2 
-0.3 
-0.2 
-0.3 
25°C 
to 
to 
to 
to 
V 


Common-mode 
input 
4 
4.2 
9 
9.2 
VICR 
voltage range (see Note 5) 
-0.2 
-0.2 
Full range 
to 
to 
V 
3.5 
8.5 


25°C 
3.2 
3.9 
8 
8.7 


VOH 
High-level output voltage 
VIO = 100mV, 
-40°C 
3 
3.9 
7.8 
8.7 
V 
RL = 100 kQ 
85°C 
3 
4 
7.8 
8.7 


25°C 
0 
50 
0 
50 


VOL 
Low-level output voltage 
VIO = -100 mY, 
-40°C 
0 
50 
0 
50 
mV 
10L=0 
85°C 
0 
50 
0 
50 


25°C 
25 
170 
25 
275 


AvO 
Large-signai 
differential 
RL = 100 kQ, 
-40°C 
15 
270 
15 
390 
V/mV 
voltage amplification 
See Note 6 
85°C 
15 
130 
15 
220 


25°C 
65 
91 
65 
94 


CMRR 
Common-mode 
rejection ratio 
VIC = VICRmin 
-40°C 
60 
90 
60 
93 
dB 


85°C 
60 
90 
60 
94 


25°C 
70 
93 
70 
93 


kSVR 
Supply-voltage 
rejection ratio 
VOO=5Vt010V 
-40'C 
60 
91 
60 
91 
dB 
(~VooltNIO) 
VO=1.4V 
85°C 
60 
94 
60 
94 


IIlSEU 
Input current (BIAS SELECT) 
VIISEU 
= VOO/2 
25°C 
-130 
-160 
nA 


Vo = VOO/2, 
25°C 
105 
280 
143 
300 


100 
Supply current 
VIC =VOO/2, 
-40°C 
158 
400 
225 
450 
IJ.A 


No load 
85°C 
80 
200 
103 
260 


t Full range is -40°C 
to 85°C. 


NOTES: 
4. 
The typical values of input bias current and input offset current below 5 pA were determined 
mathematically. 
5. 
This range also applies to each input individually. 


6. 
At VOO = 5 V, Vo = 0.25 V to 2 V; at VOO = 10 V, Vo = 1 V to 6 V. 
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TLC271M 


PARAMETER 
TEST 
TAt 
VOO=5 
V 
VOO= 10V 
UNIT 
CONOITIONS 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


Va = 1.4 V, 
25°C 
1.1 
10 
1.1 
10 
mV 


Via 
Input offset voltage 
VIC = OV, 


RS = 50 n. 
RL= 
100 kO 
FUll range 
12 
12 


Average temperature 
coefficient 
25°C to 
1.7 
2.1 
IJ.V/oC 
aVIO 
of input offset voltage 
125°C 


Va =VOo/2, 
25°C 
0.1 
0.1 
pA 
110 
Input offset current (see Note 4) 


VIC = Voo/2 
125°C 
1.4 
15 
1.8 
15 
nA 


Va =VOo/2, 
25°C 
0.6 
0.7 
pA 
liB 
Input bias current (see Note 4) 
VIC =Voo/2 
125°C 
9 
35 
10 
35 
nA 


0 
-0.3 
0 
-0.3 
25°C 
to 
to 
to 
to 
V 


Common-mode 
input 
4 
4.2 
9 
9.2 
VICR 
voltage range (see Note 5) 
0 
0 
Full range 
to 
to 
V 
3.5 
8.5 


25°C 
3.2 
3.9 
8 
8.7 


VOH 
High-level output voltage 
VIO= 
100 mV, 
-55°C 
3 
3.9 
7.8 
8.6 
V 
RL=100kO 
125°C 
3 
4 
7.8 
8.6 


25°C 
0 
50 
0 
50 


VOL 
Low-level output voltage 
VIO =-100 
mV, 
-55°C 
0 
50 
0 
50 
mV 
10L=0 
125°C 
0 
50 
0 
50 


25°C 
25 
170 
25 
275 


AVO 
Large-signal 
differential 
RL = 10 kn 
-55°C 
15 
290 
15 
420 
V/mV 
voltage amplification 
See Note 6 
125°C 
15 
120 
15 
190 


25°C 
65 
91 
65 
94 


CMRR 
Common-mode 
rejection ratio 
VIC = VICRmin 
-55°C 
60 
89 
60 
93 
dB 


125°C 
60 
91 
60 
93 


25°C 
70 
93 
70 
93 


kSVR 
Supply-voltage 
rejection ratio 
VOO=5Vt010V 
-55°C 
60 
91 
60 
91 
dB 
(aVoo/aVIO) 
VO=1.4V 
125°C 
60 
94 
60 
94 


II(SEll 
Input current (BIAS SELECT) 
VI(SEL) = VOO/2 
25°C 
-130 
-160 
nA 


Va = VOo/2, 
25°C 
105 
280 
143 
300 


100 
Supply current 
VIC =Voo/2, 
-55°C 
170 
440 
245 
500 
IJ.A 
No load 
125°C 
70 
180 
90 
240 
t Full range is -55°C 
to 125°C. 


NOTES: 
4. 
The typical values of input bias current and input offset current below 5 pA were determined mathematically. 
5. 
This range also applies to each input individually. 
6. 
At VOO = 5 V, Va = 0.25 V to 2 V; at VOO = 10 V, Va = 1 V to 6 V. 
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TLC271C, TLC271AC, 


PARAMETER 
TEST CONDITIONS 
TA 
TLC271BC 
UNIT 
MIN 
TYP 
MAX 


25°C 
0.43 


VI(PP) = 1 V 
O°C 
0.46 


RL = 100 kil. 
70°C 
0.36 
SR 
Slew rate at unity gain 
CL = 20 pF. 


25°C 
V/Jls 
See Figure 98 
0.40 


VJ(PP) = 2.5 V 
O°C 
0.43 


70°C 
0.34 


Vn 
Equivalent input noise voltage 
1= 1 kHz, 
RS = 20 Q, 
25°C 
32 
nV/~ 
See Figure 99 


25°C 
55 


80M 
Maximum output-swing 
bandwidth 
VO=VOH. 
CL = 20 pF. 
O°C 
60 
kHz 
RL = 100 kQ, 
See Figure 98 
70°C 
50 


25°C 
525 


81 
Unity-gain bandwidth 
VI=10mV, 
CL = 20 pF. 
O°C 
600 
kHz 
See Figure 100 
70°C 
400 


25°C 
40° 


<l>m 
Phase margin 
VI=10mV. 
1=81. 
O°C 
41° 
CL = 20 pF. 
See Figure 100 
70°C 
39° 


TLC271C,TLC271AC, 


PARAMETER 
TEST CONDITIONS 
TA 
TLC271BC 
UNIT 
MIN 
TYP 
MAX 


25°C 
0.62 


VI(PP) = 1 V 
O°C 
0.67 
RL = 100 kil. 
70°C 
0.51 
SR 
Slew rate at unity gain 
CL = 20 pF, 
V/Jls 
See Figure 98 
25°C 
0.56 


VI(PP) = 5.5 V 
O°C 
0.61 


70°C 
0.46 


Vn 
Equivalent input noise voltage 
1= 1 kHz, 
RS = 20 Q, 
25°C 
32 
nV/~ 
See Figure 99 


25°C 
35 


80M 
Maximum output-swing 
bandwidth 
VO=VOH. 
CL = 20 pF. 
O°C 
40 
kHz 
RL = 100 kil. 
See Figure 98 
70°C 
30 


25°C 
635 


81 
Unity-gain bandwidth 
VI=10mV, 
CL = 20 pF, 
O°C 
710 
kHz 
See Figure 100 
70°C 
510 


25°C 
43° 


<l>m 
Phase margin 
VI = 10 mV, 
1= 81, 
O°C 
44° 
CL = 20 pF, 
See Figure 100 
70°C 
42° 
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TLC271I, TLC271 AI, 


PARAMETER 
TEST CONDITIONS 
TA 
TLC271BI 
UNIT 
MIN 
TYP 
MAX 


25°C 
0.43 


VI(PP) = 1 V 
-40°C 
0.51 
RL = 100 kfl, 
85°C 
0.35 
SR 
Slew rate at unity gain 
CL = 20 pF, 
VI~s 
See Figure 98 
25°C 
0.40 


VI(PP) = 2.5 V 
-40°C 
0.48 


85°C 
0.32 


Vn 
Equivalent input noise voltage 
1= 1 kHz, 
RS = 20 Q, 
25°C 
32 
nV/..fHZ 
See Figure 99 


25°C 
55 


80M 
Maximum output-swing 
bandwidth 
VO=VOH, 
CL = 20 pF, 
-40°C 
75 
kHz 
RL = 100 kfl, 
See Figure 98 
85°C 
45 


25°C 
525 


81 
Unity-gain bandwidth 
VI=10mV, 
CL = 20 pF, 
-40°C 
770 
MHz 
See Figure 100 
85°C 
370 


25°C 
40° 


<l>m 
Phase margin 
VI = 10 mV, 
1=81, 
-40°C 
43° 
CL = 20 pF, 
See Figure 100 
85°C 
38° 


TLC271I, TLC271 AI, 


PARAMETER 
TEST CONDITIONS 
TA 
TLC271BI 
UNIT 
MIN 
TYP 
MAX 


25°C 
0.62 


VI(PP) = 1 V 
-40°C 
0.77 
RL = 100 kfl, 
85°C 
0.47 
SR 
Slew rate at unity gain 
CL = 20 pF, 
V/~s 
See Figure 98 
25°C 
0.56 


VI(PP) = 5.5 V 
-40°C 
0.70 


85°C 
0.44 


Vn 
Equivalent input noise voltage 
1= 1 kHz, 
RS = 20 Q, 


25°C 
32 
nV/..fHZ 
See Figure 99 


25°C 
35 


80M 
Maximum output-swing 
bandwidth 
Vo = VOH,3 
CL = 20 pF, 
-40°C 
45 
kHz 
RL = 100 kil, 
See Figure 98 
85°C 
25 


25°C 
635 


81 
Unity-gain bandwidth 
V,=10mV, 
CL = 20 pF, 
-40°C 
880 
kHz 
See Figure 100 
85°C 
480 


25°C 
43° 


<l>m 
Phase margin 
VI=10mV, 
1= 81, 
-40°C 
46° 
CL = 20 pF, 
See Figure 100 
85°C 
41° 
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TLC271M 
PARAMETER 
TEST CONDITIONS 
TA 
MIN 
TYP 
MAX 
UNIT 


25°C 
0.43 


VI(PP) = 1 V 
-55°C 
0.54 
RL= 
100 kQ, 
125°C 
0.29 
SR 
Slew rate at unity gain 
CL = 20 pF, 
V/ilS 
See Figure 98 
25°C 
0.40 


VI(PP) = 2.5 V 
-55°C 
0.50 


125°C 
0.28 


Vn 
Equivalent input noise voltage 
1= 1 kHz, 
RS=20Q, 
25°C 
32 
nV/~ 
See Figure 99 


25°C 
55 


BOM 
Maximum output-swing 
bandwidth 
VO=VOH, 
CL = 20 pF, 
-55°C 
80 
kHz 
RL = 100 kQ, 
See Figure 98 
125°C 
40 


25°C 
525 


B1 
Unity-gain bandwidth 
VI=10mV, 
CL = 20 pF, 
-55°C 
850 
kHz 
See Figure 100 
125°C 
330 


25°C 
40° 


<\1m 
Phase margin 
VI = 10mV, 
I=B1, 
-55°C 
43° 
CL = 20 pF, 
See Figure 100 
125°C 
36° 


TLC271M 
PARAMETER 
TEST CONDITIONS 
TA 
UNIT 
MIN 
TYP 
MAX 


25°C 
0.62 


VI(PP) = 1 V 
-55°C 
0.81 
RL = 100 kQ, 
125°C 
0.38 
SR 
Slew rate at unity gain 
CL = 20 pF, 
V/ilS 
See Figure 98 
25°C 
0.56 


VI(PP) = 5.5 V 
-55°C 
0.73 


125°C 
0.35 


Vn 
Equivalent input noise voltage 
1= 1 kHz, 
RS = 20 Q, 
25°C 
32 
nVl~ 
See Figure 99 


25°C 
35 


BOM 
Maximum output-swing 
bandwidth 
VO=VOH, 
CL = 20 pF, 
-55°C 
50 
kHz 
RL= 
100 kQ, 
See Figure 98 
125°C 
20 


25°C 
635 


B1 
Unity-gain bandwidth 
VI = 10 mV, 
CL = 20 pF, 
-55°C 
960 
kHz 
See Figu re 100 
125°C 
440 


25°C 
43° 


<\1m 
Phase margin 
VI= 
10mV, 
I=B1, 
-55°C 
4r 
CL =20 pF, 
See Figure 100 
125°C 
39° 
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FIGURE 


VIO 
Input offset voltage 
Distribution 
34,35 


aVIO 
Temperature coefficient 
Distribution 
36,37 


vs High-level output current 
38,39 
VOH 
High-level output voltage 
vs Supply voltage 
40 
vs Free-air temperature 
41 


vs Common-mode 
input voltage 
42,43 


VOL 
Low-level output voltage 
vs Differential input voltage 
44 
vs Free-air temperature 
45 
vs Low-level output current 
46,47 


vs Supply vonage 
48 
AVD 
Large-signal 
differential voltage amplification 
vs Free-air temperature 
49 
vs Frequency 
60,61 


liB 
Input bias current 
vs Free-air temperature 
50 


110 
Input offset current 
vs Free-air temperature 
50 


VI 
Maximum Input voltage 
vs Supply voltage 
51 


JDD 
Supply current 
vs Supply voltage 
52 
vs Free-air temperature 
53 


SR 
Slew rate 
vs Supply voltage 
54 
vs Free-air temperature 
55 


Bias-select current 
vs Supply voltage 
56 


VOIPPI 
Maximum peak-to-peak 
output voltage 
vs Frequency 
57 


B1 
Unity-gain bandwidth 
vs Free-air temperature 
58 
vs Supply voltage 
59 


vs Supply voltage 
62 


<I'm 
Phase margin 
vs Free-air temperature 
63 
vs Load capacitance 
64 


Vn 
Equivalent input noise voltage 
vs Frequency 
65 


Phase shift 
vs Frequency 
60,61 
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DISTRIBUTION OF TLC271 
INPUT OFFSET VOLTAGE 


612 Amplifiers 
Tested From 6 Wafer Lots 


VOO= 5 V 
TA = 25°C 
N Package 


I 
l 
r 
W 
L..LIL~ 
o 
-5 
-4 
-3 
-2 
-1 
0 
1 
2 
3 
4 
5 
VIO - Input Offset Voltage - mV 


DISTRIBUTION OF TLC271 
INPUT OFFSET VOLTAGE 
TEMPERATURE 
COEFFICIENT 


I 
I 
I 
I 
I 
I 
I 
I 
224 Amplifiers 
Tested From 6 Water Lots 
VOO =5 V 
I 
TA = 25°C to 125°C 
P Package 
Outliers: 
(1) 33.0 vrc 


•.. 


•.....r- 
.....•......., 
o 
-10 
- 8 
- 6 
- 4 
- 2 
0 
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4 
6 
8 
10 
aVIO - Temperature 
Coefficient 
-!lV/oC 
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DISTRIBUTION OF TLC271 
INPUT OFFSET VOLTAGE 


612 Amplifiers 
Tested From 6 Wafer Lots 


VOO= 5V 
TA = 25°C 
N Package 


-4 
-3 
-2 
-1 
0 
1 
2 
3 
4 
5 
VIO - Input Offset Voltage - mV 


DISTRIBUTION OF TLC271 
INPUT OFFSET VOLTAGE 
TEMPERATURE 
COEFFICIENT 


224 Amplifiers 
Tested From 6 Water Lots 
VOO=10V 
TA = 25°C to 125°C 
P Package 
Outliers: 
(1) 34.6 !lV/oC 


I- 
- 


.--- 
LL 
o 
-10 
-8 
-6 
-4 
-2 
0 
2 
4 
6 
8 
10 
aVIO - Temperature 
Coefficient 
-!lVrC 
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HIGH-LEVEL 
OUTPUT 
VOLTAGE 
vs 
HIGH-LEVEL 
OUTPUT 
CURRENT 


5 
VID = 100 mV 


> 
TA=25°C 


I 
4 
••'":lg 


'S 
3 
Co 
'S0 
"ii>•• 
2 
..J 
1:. 
'":i: 
I 
J: 
-:9 


0 
0 
-2 
-4 
-6 
-8 
-10 
IOH - High-Level 
Output 
Current 
- mA 


Figure 38 


HIGH-LEVEL 
OUTPUT 
VOLTAGE 
vs 
SUPPLY 
VOLTAGE 


16 


> 
14 
I 
••'" 
12 
~~ 
'S 
10 
Co 
'S0 
8 
"ii>•• 
..J 
6 
1:. 
'":i: 
I 
4 
J: 
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2 


VID = 100 mV 
~BL=10kQ 
V 
TA = 25°C 
/ 
/ 
/ 
/ 
/ 
/ 


/ V 


4 
6 
8 
10 
12 
14 
16 
VOO - Supply 
Voltage - V 


HIGH-LEVEL 
OUTPUT 
VOLTAGE 
vs 
HIGH-LEVEL 
OUTPUT 
CURRENT 


> 
14 
I 
8. 
:l 12 
g 
'S 
10 
Co 
'So 
~ 
..J 
1:. 
'":i: 
I 
J: 
-:9 


VID = 100 mV 


TA = 25°C 


o o 
-5 
-10 
-15 
-20 
-25 
-30 
-35 
-40 
IOH - High-Level 
Output 
Current 
- mA 


HIGH-LEVEL 
OUTPUT 
VOLTAGE 
vs 
FREE-AIR 
TEMPERATURE 


> 
-1.7 
I 
•• 
'":lg 


'OH=-5mA 
VID = 100 mA 


'S 
-1.9 
Co 
'So 
-2 


~ 
1:. 
-2.1 
'":i: 
I 
J: 
-:9 


-2.4 
-75 
-50 
-25 
0 
20 
50 
75 
100 
125 
TA - Free-Air 
Temperature 
- °C 


Figure 41 
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LOW-LEVEL OUTPUT VOLTAGE 
vs 
COMMON-MODE 
INPUT VOLTAGE 


VDD= 5V 
IOL=5mA 
TA = 25°C 


1 
2 
3 
VIC - Common-Mode 
Input Voltage - V 


LOW-LEVEL 
OUTPUT VOLTAGE 
vs 
DIFFERENTIAL 
INPUT VOLTAGE 


IOL=5mA 
VIC = IVloI21 


1\ 


TA = 25°C 
\ 


I\. I\.VDD = 5 V 
'~ 


I 
~ 
•... 


VDD= 10V 


o o 
-1 
-2 
-3 
-4 
-5 
-6 
-7 
-8 
-9 
-10 
V/D - Differential 
Input Voltage - V 


Figure 44 
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LOW-LEVEL OUTPUT VOLTAGE 
vs 
COMMON-MODE 
INPUT VOLTAGE 


VDD= 10V 


IOL=5mA 


TA = 25°C 


V/D = -100 mV 


VID=-l 
V 


V/D = -2.5 V 


1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
VIC - Common-Mode 
Input Voltage - V 


LOW-LEVEL OUTPUT VOLTAGE 
vs 
FREE-AIR TEMPERATURE 


IOL=5mA 


V/D =-1 
V 
VIC = 0.5 V 


o 
-75 
-50 
-25 
0 
25 
50 
75 
100 
125 
TA - Free-Air Temperature - °C 


Figure 45 
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LOW-LEVEL 
OUTPUT VOLTAGE 
vs 
LOW-LEVEL 
OUTPUT CURRENT 


VID=-1 
V 
0.9 
VIC =0.5 V 
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TA = 25°C 
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IOL - Low-Level Output Current - mA 


Figure 46 
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LARGE-SIGNAL 
DIFFERENTIAL 
VOLTAGE AMPLIFICATION 
vs 
SUPPLY VOLTAGE 


LOW-LEVEL 
OUTPUT VOLTAGE 
vs 
LOW-LEVEL 
OUTPUT CURRENT 


4 
6 
8 
10 
12 
14 
16 
Voo - Supply Voltage - V 


Figure 48 


VID=-1 
V 
VIC =0.5 V 
2.5 
TA = 25°C 


o o 
5 
10 
15 
20 
25 
30 
IOL - Low-Level Output Current - mA 
Figure 47 


LARGE-SIGNAL 
DIFFERENTIAL 
VOLTAGE AMPLIFICATION 
vs 
FREE-AIR TEMPERATURE 
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TA - Free-Air Temperature - °c 
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INPUT BIAS CURRENT AND INPUT OFFSET 
CURRENT 
vs 
FREE-AIR TEMPERATURE 


Voo= 
10V 
VIC =5 V 
See Note A 
1 
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MAXIMUM INPUT VOLTAGE 
vs 
SUPPLY VOLTAGE 


TA = 25°C 
/ 
/ 
/ 
/ 
/ 
/ 
/ 
/ V 


/ / 
/ 
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16 


VOO- Supply Voltage - V 


0.1 
25 
35 
45 
55 
65 
75 
85 
95 
105 115 125 


TA - Free-Air Temperature - °C 


NOTE A: 
The typical values of input bias current and input offset 
current below 5 pA were determined 
mathematically" 


Figure50 
Figure51 


SUPPLY CURRENT 
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SUPPLY VOLTAGE 
FREE-AIR TEMPERATURE 


vo=Vo0f2 
No Load 
TA = -55°C 
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VOO - Supply Voltage - V 


Figure52 
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TA - Free-Air Temperature - °C 
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SLEW RATE 
vs 
SUPPLY VOLTAGE 


AV=l 
VI(PP) = 1 V 
RL=100kn 
CL=20pF 


TA = 25°C 
See Figure 99 


SLEW RATE 
vs 
FREE-AIR TEMPERATURE 
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TA - Free-Air Temperature - °C 


MAXIMUM PEAK-TO-PEAK 
OUTPUT VOLTAGE 
vs 
FREQUENCY 
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VOO - Supply Voltage - V 


Figure 54 


BIAS-SELECT 
CURRENT 
vs 
SUPPLY VOLTAGE 


TA = 25°C 


VI(SEL) = 1/2 VOO 
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Figure 57 
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UNITY-GAIN BANDWIDTH 
vs 
FREE-AIR TEMPERATURE 


Voo =5 V 
VI=10mV 
CL=20pF 
See Figure 101 
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UNITY-GAIN BANDWIDTH 
vs 
SUPPLY VOLTAGE 


VI=10mV 
CL = 20 pF 
TA= 25°C 
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See Figure 101 
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LARGE-SIGNAL 
DIFFERENTIAL 
VOLTAGE 
AMPLIFICATION 
AND PHASE SHIFT 
vs 
FREQUENCY 
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PHASE MARGIN 
vs 
FREE-AIR TEMPERATURE 
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5 V 
VI = 10 mV 
CL = 20 pF 
See Figure 100 


PHASE MARGIN 
vs 
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See Figure 100 
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EQUIVALENT INPUT NOISE VOLTAGE 
vs 
FREQUENCY 
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TLC271C,TLC271AC,TLC271BC 


PARAMETER 
TEST 
TAt 
VOO =5 V 
VOO= 
10V 
UNIT 
CONOITIONS 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


25°C 
1.1 
10 
1.1 
10 
TLC271C 
Full range 
12 
12 
VO=1.4V, 


25°C 
0.9 
VIC =OV. 
0.9 
5 
5 
Via 
Input offset voltage 
TLC271AC 
mV 
RS = 50 Q, 
Full range 
6.5 
6.5 
RI=1 
MQ 
25°C 
0.24 
2 
0.26 
2 
TLC271BC 
Full range 
3 
3 


Average temperature 
coefficient of 
25°C to 
1.1 
1 
/iV/DC 
aVIO 
input offset voltage 
70°C 


Va =VDD/2. 
25°C 
0.1 
0.1 
110 
Input offset current (see Note 4) 
VIC =VDD/2 
70°C 
7 
300 
8 
300 
pA 


Va = VDD/2. 
25°C 
0.6 
0.7 
liB 
Input bias current (see Note 4) 
VIC =VDD/2 
70°C 
40 
600 
50 
600 
pA 


-0.2 
-0.3 
-0.2 
-0.3 
25°C 
to 
to 
to 
to 
V 


Common-mode 
input 
4 
4.2 
9 
9.2 
VICR 
voltage range (see Note 5) 
-0.2 
-0.2 
Full range 
to 
to 
V 
3.5 
8.5 


25°C 
3.2 
4.1 
8 
8.9 


VOH 
High-level output voltage 
VID = 100 mY. 
O°C 
3 
4.1 
7.8 
8.9 
V 
RL= 1 MQ 
70°C 
3 
4.2 
7.8 
8.9 


25°C 
0 
50 
0 
50 


VOL 
Low-level output voltage 
VID = -100 mY, 
O°C 
0 
50 
0 
50 
mV 
10L= 0 
70°C 
0 
50 
0 
50 


25°C 
50 
520 
50 
870 


AVD 
Large-signal 
differential 
RL= 1 MQ. 
O°C 
50 
700 
50 
1030 
V/mV 
voltage amplification 
See Note 6 
70°C 
50 
380 
50 
660 


25°C 
65 
94 
65 
97 


CMRR 
Common-mode 
rejection ratio 
Vie = VICRmin 
O°C 
60 
95 
60 
97 
dB 


70°C 
60 
95 
60 
97 


25°C 
70 
97 
70 
97 


kSVR 
Supply-voltage 
rejection ratio 
VDD = 5 V to 10 V 
ooe 
60 
97 
60 
97 
dB 
(tNDD/tNIO) 
VO=1.4V 
70°C 
60 
98 
60 
98 


II(SELl 
Input current (BIAS SELECT) 
VI(SELl = VDD 
25°C 
65 
95 
nA 


VO= 
VDD/2, 
25°C 
10 
17 
14 
23 


IDD 
Supply current 
VIC =VDD/2. 
O°C 
12 
21 
18 
33 
JJ.A 
No load 
70°C 
8 
14 
11 
20 
t Full range is ooe to 70°C. 
NOTES: 
4. 
The typical values of input bias current and input offset current below 5 pA were determined 
mathematically. 


5. 
This range also applies to each input individually. 
6. 
At VDD = 5 V, Va = 0.25 V to 2 V; at VDD = 10 V. Va = 1 V to 6 V. 
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TLC271I, TLC271 AI, TLC271BI 


PARAMETER 
TEST 
TAt 
VOO=5V 
VOO=10V 
UNIT 
CONOITIONS 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


25°C 
1.1 
10 
1.1 
10 
TLC271I 
Full range 
13 
13 
VO=1.4V, 


25°C 
0.9 
5 
0.9 
5 
Via 
Input offset voltage 
TLC271AI 
VIC = 0 V, 
mV 
RS = 50 n. 
Full range 
7 
7 
RL= 
1 Mil 
25°C 
0.24 
2 
0.26 
2 
TLC271BI 
Full range 
3.5 
3.5 


Average temperature 
coefficient 
25°C to 
1.1 
1 
lJV/oC 
aVIO 
of input offset voltage 
85°C 


Va = Voo/2, 
25°C 
0.1 
0.1 
110 
Input offset current (see Note 4) 
VIC =Voo/2 
85°C 
24 
1000 
26 
1000 
pA 


Va =Voo/2, 
25°C 
0.6 
0.7 
liB 
Input bias current (see Note 4) 
VIC =Voo/2 
85°C 
200 
2000 
220 
2000 
pA 


-0.2 
-0.3 
-0.2 
-0.3 
25°C 
to 
to 
to 
to 
V 


Common-mode 
input 
4 
4.2 
9 
9.2 
VICR 
voltage range (see Note 5) 
-0.2 
-0.2 
Full range 
to 
to 
V 
3.5 
8.5 


25°C 
3 
4.1 
8 
8.9 


VOH 
High-level output voltage 
VIO = 100mV, 
-40°C 
3 
4.1 
7.8 
8.9 
V 
RL= 1 Mil 
85°C 
3 
4.2 
7.8 
8.9 


25°C 
0 
50 
0 
50 


VOL 
Low-level output voltage 
VIO=-100mV, 
-40°C 
0 
50 
0 
50 
mV 
10L=0 
85°C 
0 
50 
0 
50 


25°C 
50 
520 
50 
870 


AVO 
Large-signal differential 
RL= 1 Mil 
-40°C 
50 
900 
50 
1550 
V/mV 
voltage amplification 
See Note 6 
85°C 
50 
330 
50 
585 


25°C 
65 
94 
65 
97 


CMRR 
Common-mode 
rejection ratio 
VIC = VICRmin 
-40°C 
60 
95 
60 
97 
dB 


85°C 
60 
95 
60 
98 


25°C 
70 
97 
70 
97 


kSVR 
Supply-voltage 
rejection ratio 
VOO = 5 V to 10 V 
-40°C 
60 
97 
60 
97 
dB 
(6VOO/6VI0) 
VO=1.4V 
85°C 
60 
98 
60 
98 


'I(SEL) 
Input current (BIAS SELECT) 
VI(SEL) = VOO 
25°C 
65 
95 
nA 


VO=VOO/2, 
25°C 
10 
17 
14 
23 


'DO 
Supply current 
VIC =VOO/2, 
-40°C 
16 
27 
25 
43 
IJA 
No load 
85°C 
17 
13 
10 
18 
t Full range is -40 
to 85°C. 
NOTES: 
4. 
The typical values of input bias current and input offset current below 5 pA were determined mathematically. 
5. 
This range also applies to each input individually. 
6. 
At VOO = 5 V, Va = 0.25 V to 2 V; at VOO = 10 V, Va = 1 V to 6 V. 
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TLC271M 


PARAMETER 
TEST 
TAt 
VOO=5V 
VOO=10V 
UNIT 
CONOITIONS 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


VO=l.4V. 
25°C 
1.1 
10 
1.1 
10 


VIO 
Input offset voltage 
VIC =OV. 
mV 
RS = 50 Q, 
Full range 
12 
12 
RL= 
1 Mil 


Average temperature 
coefficient 
25°C to 
1.4 
1.4 
IiVloC 
aVIO 
of input offset voltage 
125°C 


Vo =VOO/2. 
25°C 
0.1 
0.1 
pA 
110 
Input offset current (see Note 4) 
VIC =VOO/2 
125°C 
1.4 
15 
1.8 
15 
nA 


VO=VOo/2. 
25°C 
0.6 
0.7 
pA 
liB 
Input bias current (see Note 4) 
VIC =Voo/2 
125°C 
9 
35 
10 
35 
nA 
a 
-0.3 
a 
-0.3 
25°C 
to 
to 
to 
to 
V 


Common-mode 
input 
4 
4.2 
9 
9.2 
VICR 
voltage range (see Note 5) 
a 
a 
Full range 
to 
to 
V 
3.5 
8.5 


25°C 
3.2 
4.1 
8 
8.9 


VOH 
High-level output voltage 
VIO = 100 mY. 
-55°C 
3 
4.1 
7.8 
8.8 
V 
RL= 1 Mil 
125°C 
3 
4.2 
7.8 
9 


25°C 
a 
50 
a 
50 


VOL 
Low-level output voltage 
VIO = -100 
mY. 
-55°C 
a 
50 
a 
50 
mV 
10L=0 
125°C 
a 
50 
a 
50 


25°C 
50 
520 
50 
870 


AVO 
Large-signal 
differential 
RL= 1 Mil. 
-55°C 
25 
1000 
25 
1775 
VlmV 
voltage amplification 
See Note 6 
125°C 
25 
200 
25 
380 


25°C 
65 
94 
65 
97 


CMRR 
Common-mode 
rejection ratio 
VIC = VICRmin 
-55°C 
60 
95 
60 
97 
dB 


125°C 
60 
85 
60 
91 


25°C 
70 
97 
70 
97 


kSVR 
Supply-voltage 
rejection ratio 
VOO=5Vtol0V 
-55°C 
60 
97 
60 
97 
dB 
(AVOO/".vIO) 
VO=l.4V 
125°C 
60 
98 
60 
98 


II(SEL) 
Input current (BIAS SELECT) 
VI(SEL) = VOO 
25°C 
65 
95 
nA 


Vo =VOO/2. 
25°C 
10 
17 
14 
23 


100 
Supply current 
VIC=VOO/2. 
-55°C 
17 
30 
28 
48 
fJ.A 
No load 
125°C 
7 
12 
9 
15 
t Full range is -55°C 
to 125°C. 


NOTES: 
4. 
The typical values of input bias current and input offset current below 5 pA were determined mathematically. 


5. 
This range also applies to each input individually. 
6. 
At VOO = 5 V. Vo = 0.25 V to 2 V; at VOO = 10 V. Vo = 1 V to 6 V. 
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TLC271C, TLC271AC, 


PARAMETER 
TEST CONDITIONS 
TA 
TLC271BC 
UNIT 
MIN 
TYP 
MAX 


25°C 
0.03 


VI(PP) = 1 V 
O°C 
0.04 
RL = 1 MQ, 
70°C 
0.03 
SR 
Slew rate at unity gain 
CL = 20 pF, 


25°C 
0.03 
V/IlS 
See Figure 98 
VI(PP) = 2.5 V 
O°C 
0.03 


70°C 
0.02 


Vn 
Equivalent input noise voltage 
1= 1 kHz, 
RS = 20 Q, 
25°C 
68 
nV/...JHZ 
See Figure 99 


25°C 
5 


BOM 
Maximum output-swing 
bandwidth 
VO=VOH. 
CL = 20 pF, 
O°C 
6 
kHz 
RL = 1 MQ, 
See Figure 98 
70°C 
4.5 


25°C 
85 


B1 
Unity-gain bandwid1h 
VI = 10 mV, 
CL = 20 pF, 
O°C 
100 
kHz 
See Figure 100 


70°C 
65 


25°C 
34° 


<l>m 
Phase margin 
VI = 10 mV. 
1= B1, 
O°C 
36° 
CL = 20 pF, 
See Figure 100 
70°C 
30° 


TLC271C, TLC271AC, 


PARAMETER 
TEST CONDITIONS 
TA 
TLC271BC 
UNIT 
MIN 
TYP 
MAX 


25°C 
0.05 


VI(PP) = 1 V 
O°C 
0.05 
RL = 1 MQ, 
70°C 
0.04 
SR 
Slew rate at unity gain 
CL = 20 pF. 
V/IlS 
See Figure 98 
25°C 
0.04 


VI(PP) = 5.5 V 
O°C 
0.05 


70°C 
0.04 


Vn 
Equivalent input noise voltage 
1= 1 kHz, 
RS = 20 Q, 
25°C 
68 
nV/...JHZ 
See Figure 99 


25°C 
1 


BOM 
Maximum output-swing 
bandwidth 
VO=VOH, 
CL = 20 pF, 
O°C 
1.3 
kHz 
RL= 
1 MU, 
See Figure 98 
70°C 
0.9 


25°C 
110 


B1 
Unity-gain bandwidth 
V,=10mV, 
CL = 20 pF. 
O°C 
125 
kHz 
See Figure 100 


70°C 
90 


25°C 
38° 


<l>m 
Phase margin 
VI = 10 mV, 
I=B1, 
O°C 
40° 
CL = 20 pF, 
See Figure 100 


70°C 
34° 
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TLC271I, TLC271 AI, 


PARAMETER 
TEST CONDITIONS 
TA 
TLC271BI 
UNIT 
MIN 
TYP 
MAX 


25°C 
0.03 


VI(PP); 
1 V 
-40°C 
0.04 
RL; 
1 MQ, 
85°C 
0.03 
SR 
Slew rate at unity gain 
CL; 
20 pF, 
V/Jls 
See Figure 98 
25°C 
0.03 


VI(PP) ; 2.5 V 
-40°C 
0.04 


85°C 
0.02 


Vn 
Equivalent input noise voltage 
I; 
1 kHz, 
RS; 
20 Q, 


25°C 
68 
nV/..fHZ 
See Figure 99 


25°C 
5 


BOM 
Maximum output-swing 
bandwidth 
VO;VOH, 
CL; 
20 pF, 
-40°C 
7 
kHz 
RL; 
1 MQ, 
See Figure 98 
85°C 
4 


25°C 
85 


B1 
Unity-gain bandwidth 
VI;10mV, 
CL; 
20 pF, 
-40°C 
130 
MHz 
See Figure 100 
85°C 
55 


25°C 
34° 


<l>m 
Phase margin 
VI;10mV, 
I; 
B1, 
-40°C 
38° 
CL; 
20 pF, 
See Figure 100 
85°C 
28° 


TLC271 C, TLC271 AC, 


PARAMETER 
TEST CONDITIONS 
TA 
TLC271BC 
UNIT 
MIN 
TYP 
MAX 


25°C 
0.05 


VI(PP); 
1 V 
-40°C 
0.06 
RL; 
1 MQ, 
85°C 
0.03 
SR 
Slew rate at unity gain 
CL; 
20 pF, 
V/Jls 
See Figure 98 
25°C 
0.04 


VI(PP) ; 5.5 V 
-40°C 
0.05 


85°C 
0.03 


Vn 
Equivalent input noise voltage 
I; 
1 kHz, 
RS; 
20 Q, 


25°C 
68 
nV/..fHZ 
See Figure 99 


25°C 
1 


BOM 
Maximum output-swing 
bandwidth 
VO;VOH, 
CL; 
20 pF, 
-40°C 
1.4 
kHz 
RL; 
1 MQ, 
See Figure 98 
85°C 
0.8 


25°C 
110 


B1 
Unity-gain bandwidth 
VI; 
10 mV, 
CL; 
20 pF, 
-40°C 
155 
MHz 
See Figure 100 
85°C 
80 


25°C 
38° 


<l>m 
Phase margin 
VI; 
10 mV,1 
I;B1, 
-40°C 
42° 
CL; 
20 pF, 
See Figure 100 
85°C 
32° 
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TLC271M 
PARAMETER 
TEST CONDITIONS 
TA 
MIN 
TYP 
MAX 
UNIT 


25°C 
0.03 


VI(PP) = 1 V 
-55°C 
0.04 
RL = 1 MQ, 
125°C 
0.02 
SR 
Slew rate at unity gain 
CL = 20 pF, 


25°C 
V/flS 
See Figure 98 
0.03 


VI(PP) = 2.5 V 
-55°C 
0.04 


125°C 
0.02 


Vn 
Equivalent input noise voltage 
1= 1 kHz, 
RS = 20 Q, 
25°C 
68 
nV/VHZ 
See Figure 99 


25°C 
5 


80M 
Maximum output-swing 
bandwidth 
VO=VOH, 
CL = 20 pF, 
-55°C 
8 
kHz 
RL= 
1 MQ, 
See Figure 98 
125°C 
3 


25°C 
85 


81 
Unity-gain bandwidth 
VJ=10mV, 
CL = 20 pF, 
-55°C 
140 
kHz 
See Figure 100 
125°C 
45 


25°C 
34° 


<l>m 
Phase margin 
VI=10mV, 
1=81, 
-55°C 
39° 
CL = 20 pF, 
See Figure 100 
125°C 
25° 


TLC271M 
PARAMETER 
TEST CONDITIONS 
TA 
MIN 
TYP 
MAX 
UNIT 


25°C 
0.05 


VI(PP) = 1 V 
-55°C 
0.06 
RL= 
1 MQ, 
125°C 
0.03 
SR 
Slew rate at unity gain 
CL = 20 pF, 
V/flS 
See Figure 98 
25°C 
0.04 


VI(PP) = 5.5 V 
-55°C 
0.06 


125°C 
0.03 


Vn 
Equivalent input noise voltage 
1= 1 kHz, 
RS = 20 Q, 


25°C 
68 
nV/VHZ 
See Figure 99 


25°C 
1 


80M 
Maximum output-swing 
bandwidth 
VO=VOH, 
CL = 20 pF, 
-55°C 
1.5 
kHz 
RL = 1 MQ, 
See Figure 98 
125°C 
0.7 


25°C 
110 


81 
Unity-gain bandwidth 
VI=10mV, 
CL = 20 pF, 
-55°C 
165 
kHz 
See Figure 100 
125°C 
70 


25°C 
38° 


<l>m 
Phase margin 
VJ=10mV, 
1=81, 
-55°C 
43° 
CL = 20 pF, 
See Figure 100 
125°C 
29° 
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FIGURE 


VIO 
Input offset voltage 
Distribution 
66,67 


aVIO 
Temperature coefficient 
Distribution 
68,69 


vs High-level output current 
70, 71 


VOH 
High-level output voltage 
vs Supply voltage 
72 
vs Free-air temperature 
73 


vs Common-mode 
input voltage 
74, 75 


VOL 
Low-level output voltage 
vs Differential input voltage 
76 
vs Free-air temperature 
77 
vs Low-level output current 
78, 79 


vs Supply voltage 
80 
AVO 
Large-signal 
differential voitage amplification 
vs Free-air temperature 
81 
vs Frequency 
92,93 


lIB 
Input bias current 
vs Free-air temperature 
82 


110 
Input offset current 
vs Free-air temperature 
82 


VI 
Maximum input voltage 
vs Supply voltage 
83 


100 
Supply current 
vs Supply voltage 
84 
vs Free-air temperature 
85 


SR 
Slew rate 
vs Supply voltage 
86 


vs Free-air temperature 
87 


Bias-select current 
vs Supply voltage 
88 


VOIPPl 
Maximum peak-to-peak 
output voltage 
vs Frequency 
B9 


B1 
Unity-gain bandwidth 
vs Free-air temperature 
90 
vs Supply voltage 
91 


vs Supply voltage 
94 


<l>m 
Phase margin 
vs Free-air temperature 
95 
vs Load capacitance 
96 


Vn 
Equivalent input noise voltage 
vs Frequency 
97 


Phase shift 
vs Frequency 
92,93 
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INPUT BIAS CURRENT AND INPUT OFFSET 
CURRENT 
vs 
FREE-AIR TEMPERATURE 
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Because 
the TLC271 
is optimized 
for single-supply 
operation, 
circuit configurations 
used for the various 
tests 
often 
present 
some 
inconvenience 
since the input signal, 
in many 
cases, 
must 
be offset 
from 
ground. 
This 
inconvenience 
can be avoided 
by testing 
the device 
with split supplies 
and the output 
load tied to the negative 
rail. A comparison 
of single-supply 
versus split-supply 
test circuits is shown below. The use of either circuit gives 
the same 
result. 
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input bias current 


Because of the high input impedance of the TLC271 operational amplifiers, attempts to measure the input bias 
current can result in erroneous readings. The bias current at normal room ambient temperature is typically less 
than 1 pA, a value that is easily exceeded by leakages on the test socket. Two suggestions are offered to avoid 
erroneous measurements: 


1. 
Isolate the device from other potential leakage sources. Use a grounded shield around and between the 
device inputs (see Figure 101). Leakages that would otherwise flow to the inputs are shunted away. 


2. 
Compensate for the leakage of the test socket by actually performing an input bias current test (using a 
picoammeter) with no device in the test socket. The actual input bias current can then be calculated by 
subtracting the open-socket leakage readings from the readings obtained with a device in the test socket. 


One word of caution: many automatic testers as well as some bench-top operational amplifier testers us the 
servo-loop technique with a resistor in series with the device input to measure the input bias current (the voltage 
drop across the series resistor is measured and the bias current is calculated). This method requires that a 
device be inserted into the test socket to obtain a correct reading; therefore, an open-socket reading is not 
feasible using this method. 


8 
5 
C C C C 


c c c C 
1 
4 


To obtain low-supply-voltage operation, some compromise is necessary in the input stage. This compromise 
results in the device low-level output being dependent on both the common-mode input voltage level as well 
as the differential input voltage level. When attempting to correlate low-level output readings with those quoted 
in the electrical specifications, these two conditions should be observed. If conditions other than these are to 
be used, please refer to the Typical Characteristics section of this data sheet. 


input offset voltage temperature 
coefficient 


Erroneous readings often result from attempts to measure temperature coefficient of input offset voltage. This 
parameter is actually a calculation using input offset voltage measurements obtained at two different 
temperatures. When one (or both) of the temperatures is below freezing, moisture can collect on both the device 
and the test socket. This moisture results in leakage and contact resistance which can cause erroneous input 
offset voltage readings. The isolation techniques previously mentioned have no effect on the leakage since the 
moisture also covers the isolation metal itself, thereby rendering it useless. It is suggested that these 
measurements be performed at temperatures above freezing to minimize error. 
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full-power 
response 


Full-power response, the frequency above which the amplifier slew rate limits the output voltage swing, is often 
specified two ways: full-linear 
response and full-peak 
response. The full-linear 
response is generally 
measuredby monitoring the distortion level of the output while increasing the frequency of a sinusoidal input 
signal until the maximum frequency isfound above which the output contains significant distortion. The full-peak 
response is defined as the maximum output frequency, without regard to distortion, above which full 
peak-to-peak output swing cannot be maintained. 


Because there is no industry-wide accepted value for significant distortion, the full-peak response is specified 
in this data sheet and is measured using the circuit of Figure 98. The initial setup involves the use of a sinusoidal 
input to determine the maximum peak-to-peak output of the device (the amplitude of the sinusoidal wave is 
increased until clipping occurs). The sinusoidal wave is then replaced with a square wave of the same 
amplitude. The frequency isthen increased until the maximum peak-to-peak output can no longer be maintained 
(Figure 102). A square wave is used to allow a more accurate determination of the point at which the maximum 
peak-to-peak output is reached.11 A 


test time 


Inadequate test time is a frequent problem, especially when testing CMOS devices in a high-volume, 
short-test-time environment. Internal capacitances are inherently higher in CMOS than in bipolar and BiFET 
devices, and require longer test times than their bipolar and BiFET counterparts. The problem becomes more 
pronounced with reduced supply levels and lower temperatures. 


single-supply 
operation 


While the TLC271 performs well using dual power 
supplies (also called balanced or split supplies), 
the 
design 
is 
optimized 
for 
single-supply 
operation. This includes an input common mode 
voltage range that encompasses ground as well 
as an output voltage range that pulls down to 
ground. The supply voltage range extends down 
to 3 V (C-suffix types), thus allowing operation 
with supply levels commonly available forTTL and 
HCMOS; however, for maximum dynamic range, 
16-V single-supply operation is recommended. 
Figure 102. Inverting Amplifier With Voltage 
Reference 
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single-supply 
operation 
(continued) 


Many single-supply applications require that a voltage be applied to one input to establish a reference level that 
is above ground. A resistive voltage divider is usually sufficient to establish this reference level (see Figure 103). 
The low input bias current consumption of the TLC271 permits the use of very large resistive values to 
implement the voltage divider, thus minimizing power consumption. 


The TLC271 works well in conjunction with digital logic; however, when powering both linear devices and digital 
logic from the same power supply, the following precautions are recommended: 


1. 
Power the linear devices from separate bypassed supply lines (see Figure 104); otherwise, the linear device 
supply rails can fluctuate due to voltage drops caused by high switching currents in the digital logic. 


2. 
Use proper bypass techniques to reduce the probability of noise-induced errors. Single capacitive 
decoupling is often adequate; however, RC decoupling may be necessary in high-frequency applications. 
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input offset voltage 
nulling 


The TLC271 offers external input offset null control. Nulling of the input off set voltage may be achieved by 
adjusting a 25-kQ potentiometer connected between the offset null terminals with the wiper Connected as 
shown in Figure 105. The amount of nulling range varies with the bias selection. In the high-bias mode, the 
nulling range allows the maximum offset voltage specified to be trimmed to zero. In low-bias and medium-bias 
modes, total nulling may not be possible. 


Bias selection is achieved by connecting the bias select pin to one of the three voltage levels (see Figure 106). 
For medium-bias applications, R is recommended that the bias select pin be connected to the mid-point 
between the supply rails. This is a simple procedure in split-supply applications, since this point is ground. In 
single-supply applications, the medium-bias mode necessitates using a voltage divider as indicated. The use 
of large-value resistors in the voltage divider reduces the current drain of the divider from the supply line. 
However, large-value resistors used in conjunction with a large-value capacitor requires significant time to 
charge up to the supply midpoint after the supply is switched on. A voltage other than the midpoint may be used 
if it is within the voltages specified in the table of Figure 106. 


vDD 


BIAS MODE 
BIAS-SELECT 
VOLTAGE 
(single supply) 


Low 
VDD 


Medium 
1 VloVDD-1 
V 


High 
GND 


Low 
1 MQ 


Medium 
I 0.01 ~F 
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input characteristics 


The TLC271 is specified with a minimum and a maximum input voltage that, if exceeded at either input, could 
cause the device to malfunction. Exceeding this specified range is a common problem, especially in 
single-supply operation. Note that the lower range limit includes the negative rail, while the upper range limit 
is specified at VDD - 1 Vat TA = 25°C and at VDD - 1.5 V at all other temperatures. 


The use of the polysilicon-gate process and the careful input circuit design gives the TLC271 very good input 
offset voltage drift characteristics relative to conventional metal-gate processes. Offset voltage drift in CMOS 
devices is highly influenced by threshold voltage shifts caused by polarization of the phosphorus dopant 
implanted in the oxide. Placing the phosphorus dopant in a conductor (such as a polysilicon gate) alleviates the 
polarization problem, thus reducing threshold voltage shifts by more than an order of magnitude. The offset 
voltage drift with time has been calculated to be typically 0.1 !J.V/month,including the first month of operation. 


Because of the extremely high input impedance and resulting low bias current requirements, the TLC271 is well 
suited for low-level signal processing; however, leakage currents on printed circuit boards and sockets can 
easily exceed bias current requirements and cause a degradation in device performance. It is good practice to 
include guard rings around inputs (similar to those of Figure 101 in the Parameter Measurement Information 
section). These guards should be driven from a low-impedance source at the same voltage level as the 
common-mode input (see Figure 107). 


The inputs of any unused amplifiers should be tied to ground to avoid possible oscillation. 


noise performance 


The noise specifications in operational amplifier circuits are greatly dependent on the current in the first-stage 
differential amplifier. The low input bias current requirements of the TLC271 results in a very low noise current, 
which is insignificant in most applications. This feature makes the devices especially favorable over bipolar 
devices when using values of circuit impedance greater than 50 kQ, since bipolar devices exhibit greater noise 
currents. 


(b) INVERTING AMPLIFIER 


Figure 106. Guard-Ring Schemes 
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Operational 
amplifier 
circuits 
almost 
always 
employ feedback, and since feedback is the first 
prerequisite 
for oscillation, 
a little caution 
is 
appropriate. Most oscillation problems result from 
driving capacitive loads and ignoring stray input 
capacitance. A small-value capacitor connected 
in parallel with the feedback resistor is an effective 
remedy (see Figure 108). The value of this 
capacitor is optimized empirically. 
Figure 107. Compensation for Input 
Capacitance 


electrostatic 
discharge 
protection 


The TLC271 incorporates an internal electrostatic-discharge (ESD) protection circuit that prevents functional 
failures at voltages up to 2000 V as tested under MIL-STD-883C, Method 3015.2. Care should be exercised, 
however, when handling these devices as exposure to ESD may result in the degradation of the device 
parametric performance. The protection circuit also causes the input bias currents to betemperature dependent 
and have the characteristics of a reverse-biased diode. 


Because CMOS devices are susceptible to latch-up due to their inherent parasitic thyristors, the TLC271 inputs 
and output were designed to withstand -100-mA 
surge currents without sustaining latchup; however, 


techniques should be used to reduce the chance of latch-up whenever possible. Internal protection diodes 
should not by design be forward biased. Applied input and output voltage should not exceed the supply voltage 
by more than 300 mV. Care should be exercised when using capacitive coupling on pulse generators. Supply 
transients should be shunted by the use of decoupling capacitors (0.1 /-!Ftypical) located across the supply rails 
as close to the device as possible. 


The current path established if latch-up occurs is usually between the positive supply rail and ground and can 
be triggered by surges on the supply lines and/or voltages on either the output or inputs that exceed the supply 
voltage. Once latch-up occurs, the current flow is limited only by the impedance of the power supply and the 
forward resistance of the parasitic thyristor and usually results in the destruction of the device. The chance of 
latch-up occurring increases with increasing temperature and supply voltages. 


output characteristics 


The output stage of the TLC271 is designed to 
sink and source relatively high amounts of current 
(see Typical Characteristics). 
If the output is 
subjected to a short-circuit condition, this high 
current capability 
can cause device 
damage 
under certain conditions. Output current capability 
increases with supply voltage. 


Vo 


CL 
TA=25°C 
f = 1 kHz 


VJ(PP)= 
1 V 


-2.5V 


Figure 108. Test Circuit for Output 
Characteristics 
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output characteristics 
(continued) 


All operating characteristics of the TLC271 were measured using a 20-pF load. The devices drive higher 
capacitive loads; however, as output load capacitance increases, the resulting response pole occurs at lower 
frequencies, thereby causing ringing, peaking, or even oscillation (see Figures 110, 111, and 112). In many 
cases, adding some compensation in the form of a series resistor in the feedback loop alleviates the problem. 
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output characteristics (continued) 


Although 
the 
TLC271 
possesses 
excellent 
high-level 
output 
voltage 
and 
current 
capability, 
methods 
are 
available 
for boosting 
this capability, 
if needed. 
The simplest 
method 
involves 
the use of a pullup resistor 
(Rp) 
connected 
from the output to the positive 
supply 
rail (see Figure 
113). There are two disadvantages 
to the use 
of this circuit. 
First, the NMOS 
pulldown 
transistor, 
N4 (see equivalent 
schematic) 
must sink a comparatively 
large 
amount 
of current. 
In this 
circuit, 
N4 behaves 
like a linear 
resistor 
with 
an on-resistance 
between 
approximately 
60 nand 
180 n, depending 
on how hard the operational 
amplifier 
input is driven. 
With very low 
values 
of Rp, a voltage 
offset from 0 V at the output 
occurs. 
Secondly, 
pullup 
resistor 
RP acts as a drain load 
to N4 and the gain of the operational 
amplifier 
is reduced 
at output voltage 
levels where 
N5 is not supplying 
the 
output 
current. 


Voo 


Ip 
Rp 
...- 


~ 


R2 


IL~ 
RL 


::- 


R 
_ 
voo-vo 
p - IF + IL + Ip 


Ip = Pullup current required 
by the operational 
amplifier 
(typically 
500 l!Al 
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Vo (see Note A) 
JlJ 


/V 


FO 
= 4C;R2) [=~] 


NOTES: 
A. 
VO(PP) = 8 V 
B. 
VO(PP) = 4 V 


Figure 
114. Single-Supply 
Function 
Generator 
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-5V 


95kO 


R1, 10 kO 
(see Note A) 


R 
R 
Vo 
10MQ 
10MQ 


VI 
BIAS SELECT 


2C 
540 pF 
-=- 


1 


-=- 
fNOTCH = 2nRC 


RI2 
5MQ 


C 
C 
270 pF 
270 pF 
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VI 
(see Note A) 


100 kfl 
0.47 flF 


1 kn 


15fl 


BIAS SELECT 
TIS 193 


-=- 


47kn 


0.01 flF 


250flF, 


25 V J? 
Vo 
(see Note B) 


NOTES: 
A. 
VI = 3.5 to 15 V 
B. 
Vo = 2.0 V, 0 to 1 A 
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NOTES: 
A. 
VO(PP) = 2 V 


B 
f 
= 
1 


. 
0 
2Jt/R1R2C1C2 


Figure 
119. Wein Oscillator 


O.221lFt- Vo 
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(-~ 1 ~:~ 
,.~OO~ 


- 
+ 


1 kn 


NOTES: 
A. 
NOTES: VDD = 4 V to 15 V 
B. 
Vref = 0 V to VDD-2 
V 


NOTES: 
A. 
VI=OVT03V 


VI 


B. 
IS =Ff 


Figure 123. Precision Low-Current Sink 
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-=- 
Voo 


Sl 
C 
Xl 
B 
A 
TLC4066 


S2 
C 
X2 
Analog 
B 
2 
A 
2 
Switch 


BIAS SELECT 
_ A 


VOl V 
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The extremely high input impedance, low bias 
currents, and high slew rates make these cost- 
effective devices ideal for applications which have 
previously been reserved for BiFET and NFET 
products. Four offset voltage grades are available 
(C-suffix and I-suffix types), ranging from the 
low-cost TLC272 (10 mY) to the high-precision TLC277 (500 IlV). These advantages, in combination with good 
common-mode 
rejection and supply voltage 
rejection, 
make these devices a good choice for new 
state-of-the-art designs as well as for upgrading existing designs. 


• 
Trimmed Offset Voltage: 
TLC277 ... 
500 IlV Max at 25°C, 


VDD= 5 V 
• 
Input Offset Voltage Drift ... 
Typically 
0.1IlVlMonth, 
Including 
the First 30 Days 


• 
Wide Range of Supply Voltages Over 
Specified Temperature Range: 
O°Cto 70°C 
3 V to 16 V 
-40°C to 85°C 
4 V to 16 V 
-55°C to 125°C 
4 V to 16 V 


• 
Single-Supply 
Operation 
• 
Common-Mode 
Input Voltage Range 
Extends Below the Negative Rail (C-Suffix, 
I-Suffix types) 


• 
Low Noise ... 
Typically 25 nV/1Hi at 
f = 1 kHz 


• 
Output Voltage Range Includes Negative 
Rail 


• 
High Input impedance ... 
1012n Typ 


• 
ESD-Protection 
Circuitry 
• 
Small-Outline 
Package Option Also 
Available in Tape and Reel 


• 
Designed-in 
Latch-Up Immunity 


description 


The 
TLC272 
and 
TLC277 
preCISion dual 
operational amplifiers combine a wide range of 
input offset voltage grades with low offset voltage 
drift, high input impedance, low noise, and speeds 
approaching 
that 
of 
general-purpose 
BiFET 
devices. 


These devices use Texas instruments silicon-gate 
LinCMOSTMtechnology, which provides offset 
voltage 
stability 
far 
exceeding 
the 
stability 
available 
with 
conventional 
metal-gate 
pro- 
cesses. 


PRODUCTION 
DATA 
information 
Is current 
as of 
pubUeatlon 
date. 


Products 
conform 
to spectfleatlons 
per the tennl of Teus Instruments 


standard 
wamlnty. 
Production 
proc:essing 
doe. not 
necessarily 
Include 


testing of all parameters. 


~ 
I 
20 
.~ 
c:l 
'0 
15 
8> 
E 
ell!! 
10 
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D, JG, P, OR PW PACKAGE 
(TOP VIEW) 
lOUTD8 
VOO 
11N- 
2 
7 
20UT 
11N+ 
3 
6 
21N- 
GND 
4 
5 
21N+ 


FKPACKAGE 
(TOP VIEW) 


':)0 
~S?~~~ 


NC 
11N- 
NC 
11N+ 
NC 


3 
2 
1 
2019 
4 
18 


5 
17 


6 
16 


7 
15 


8 
14 
9 
1011 
1213 


NC 
20UT 
NC 
21N- 
NC 


uou+u 
ZZZZZ 
Cl 
N 


DISTRIBUTION OF TLC277 
INPUT OFFSET VOLTAGE 


473 Units Tested From 2 Wafer Lots 
VDD=5V 
25 
TA = 25°C 
P Package 


-400 
0 
400 


VIO -Input 
Offset 
Voltage 
-IlV 


PACKAGED 
DEVICES 
CHIP 


TA 
Vlomax 
SMALL 
CHIP 
CERAMIC 
PLASTIC 
TSSOP 
FORM 
AT 25°C 
OUTLINE 
CARRIER 
DIP 
DIP 
(PW) 
(Y) 
(D) 
(FK) 
(JG) 
(P) 


500 ~tV 
TLC277CD 
- 
- 
TLC277CP 
- 
- 
2mV 
TLC272BCD 
- 
- 
TLC272BCP 
- 
- 
O°C to 700e 
5mV 
TLC272ACD 
TLC272ACP 
- 
- 
- 
- 
10mV 
TLC272CD 
- 
- 
TLC272CP 
TLC272CPW 
TLC272Y 


50011V 
TLC277ID 
- 
- 
TLC277IP 
- 
- 


-40°C 
to 85°C 
2mV 
TLC272BID 
- 
- 
TLC272BIP 
- 
- 


5mV 
TLC272AID 
- 
- 
TLC272AIP 
- 
- 
10mV 
TLC2721D 
- 
- 
TLC2721P 
- 
- 


5OO11V 
TLC277MD 
TLC277MFK 
TLC277MJG 
TLC277MP 
- 
- 
-55°C 
to 125°C 
10mV 
TLC272MD 
TLC272MFK 
TLC272MJG 
TLC272MP 
- 
- 


In general, 
many features 
associated 
with bipolar technology 
are available 
on LinCMOST'" operational 
amplifiers 
without 
the power penalties 
of bipolar technology. 
General 
applications 
such as transducer 
interfacing, 
analog 
calculations, 
amplifier 
blocks, 
active 
filters, 
and signal 
buffering 
are easily 
designed 
with the TLC272 
and 
TLC277. 
The devices 
also exhibit 
low voltage 
single-supply 
operation, 
making 
them ideally 
suited for remote 
and inaccessible 
battery-powered 
applications. 
The common-mode 
input voltage 
range includes 
the negative 
rail. 


A wide range of packaging 
options 
is available, 
including 
small-outline 
and chip carrier versions 
for high-density 
system 
applications. 


The device 
inputs and outputs 
are designed 
to withstand 
-1 OO-mA surge currents 
without 
sustaining 
latch-up. 


The TLC272 
and TLC277 
incorporate 
internal 
ESD-protection 
circuits that prevent functional 
failures at voltages 
up to 2000 V as tested 
under MIL-STD-883C, 
Method 
3015.2; 
however, 
care should 
be exercised 
in handling 
these devices 
as exposure 
to ESD may result in the degradation 
of the device 
parametric 
performance. 


The C-suffix 
devices 
are characterized 
for operation 
from O°C to 70°C. The I-suffix devices 
are characterized 


for operation 
from -40°C 
to 85°C. The M-suffix 
devices 
are characterized 
for operation 
over the full military 
temperature 
range of -55°C 
to 125°C. 
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R1 
IN-i 


N2 


01 
R4 


This chip, when properly 
assembled, 
displays 
characteristics 
similar to the TLC272C. 
Thermal 
compression 
or 
ultrasonic 
bonding 
may be used on the doped-aluminum 
bonding 
pads. Chips may be mounted 
with conductive 
epoxy or a gold-silicon 
preform. 


I'll 
73 
~ 


1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1' 


11N+ 
(3) 


(2) 
10UT 
11N- 


21N+ 
20UT 
(6) 
21N- 


CHIP THICKNESS: 
15 TYPICAL 


BONDING 
PADS: 4 x 4 MINIMUM 


TJmax = 150°C 


TOLERANCES 
ARE ±10%. 


ALL DIMENSIONS 
ARE IN MILS. 


PIN (4) IS INTERNALLY 
CONNECTED 
TO BACKSIDE 
OF CHIP. 
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absolute 
maximum 
ratings over operating 
free-air temperature 
range (unless otherwise 
noted)t 


Supply 
voltage, 
VDD (see Note 1) 
18 V 
Differential 
input voltage, 
VID (see Note 2) 
±VDD 
Input voltage 
range, VI (any input) 
-0.3 
V to VDD 
Input current, 
II 
±5 mA 
output 
current, 
10 (each output) 
±30 
mA 
Total current 
into VDD 
45 mA 
Total current 
out of GND 
45 mA 
Duration 
of short-circuit 
current 
at (or below) 25°C (see Note 3) 
unlimited 
Continuous 
total dissipation 
See Dissipation 
Rating Table 
Operating 
free-air 
temperature, 
TA: C suffix 
O°C to 70°C 
I suffix 
-40°C 
to 85°C 
M suffix 
-55°C 
to 125°C 
Storage 
temperature 
range 
-65°C 
to 150°C 
Case temperature 
for 60 seconds: 
FK package 
260°C 
Lead temperature 
1,6 mm (1/16 inch) from case for 10 seconds: 
D, P, or PW package 
260°C 
Lead temperature 
1,6 mm (1/16 inch) from case for 60 seconds: 
JG package 
300°C 


t Stresses beyond those listed under "absolute maximum ratings· may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions 
beyond those indicated under "recommended 
operating conditions· 
is not 
implied. Exposure to absolute-maximum-rated 
conditions for extended periods may affect device reliability. 
NOTES: 
1. 
All voltage values, except differential voltages, are with respect to network ground. 
2. 
Differential voltages are at IN+ with respect to IN-. 


3. 
The output may be shorted to either supply. Temperature 
and/or supply voltages must be limited to ensure that the maximum 
dissipation rating is not exceeded (see application section). 


PACKAGE 
TA,,25°C 
DERATING FACTOR 
TA=70°C 
TA=85°C 
TA = 125°C 
POWER RATING 
ABOVE TA = 25°C 
POWER RATING 
POWER RATING 
POWER RATING 


D 
725mW 
5.8 mW/oC 
464mW 
377mW 
N/A 
FK 
1375mW 
11 mW/oC 
880mW 
715mW 
275mW 


JG 
1050mW 
8.4mWrC 
672mW 
546mW 
210mW 


P 
1000mW 
8.0mW/oC 
640mW 
520mW 
N/A 


PW 
525mW 
4.2 mW/oC 
336mW 
N/A 
N/A 


CSUFFIX 
I SUFFIX 
M SUFFIX 
UNIT 
MIN 
MAX 
MIN 
MAX 
MIN 
MAX 


Supply voltage, VDD 
3 
16 
4 
16 
4 
16 
V 
IVDD =5 V 
-0.2 
3.5 
-0.2 
3.5 
0 
3.5 
Common-mode 
input voltage, VIC 
IVDD = 10 V 
V 
-0.2 
8.5 
-0.2 
8.5 
0 
8.5 


Operating free-air temperature, 
TA 
0 
70 
-40 
85 
-55 
125 
°c 
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TLC272C. TLC272AC. 


PARAMETER 
TEST CONDITIONS 
TAt 
TLC272BC.TLC277C 
UNIT 
MIN 
TYP 
MAX 


Vo = 1.4 V, 
VIC=O, 
25°C 
1.1 
10 
TLC272C 
RS = 50 n, 
RL= 
10kn 
Full range 
12 
mV 
VO= 
1.4 V, 
VIC=O, 
25°C 
0.9 
5 
TLC272AC 
RS = 50n, 
RL= 10 kn 
Full range 
6.5 
VIO 
Input offset voltage 
25°C 
230 
2000 
TLC272BC 
Vo = 1.4 V, 
VIC=O, 
RS = 50n, 
RL= 
10 kn 
Full range 
3000 


25°C 
200 
500 
~V 


TLC277C 
VO= 
1.4 V, 
VIC=O, 
RS = 50n, 
RL= 
10kn 
Full range 
1500 


Temperature coefficient of input offset voltage 
25°C to 
1.8 
~V/oC 
aVIO 
70°C 


25°C 
0.1 
110 
Input offset current (see Note 4) 
Vo = 2.5 V, 
VIC =2.5V 
70°C 
7 
300 
pA 


25°C 
0.6 
liB 
Input bias current (see Note 4) 
Vo = 2.5 V, 
VIC =2.5 V 
70°C 
40 
600 
pA 


-0.2 
-0.3 
25°C 
to 
to 
V 


Common-mode 
input voltage range 
4 
4.2 
VICR 
(see Note 5) 
-0.2 
Full range 
to 
V 
3.5 


25°C 
3.2 
3.8 


VOH 
High-level output voltage 
VIO= 
100 mV, 
RL=10kn 
O°C 
3 
3.8 
V 


70°C 
3 
3.8 


25°C 
0 
50 


VOL 
Low-level output voltage 
VID=-100mV, 
'OL=O 
O°C 
0 
50 
mV 


70°C 
0 
50 


25°C 
5 
23 


AVO 
Large-signal differential voltage amplification 
Vo = 0.25 V to 2 V, 
RL= 
10 kn 
O°C 
4 
27 
V/mV 


70°C 
4 
20 


25°C 
65 
80 


CMRR 
Common-mode 
rejection ratio 
VIC = VICRmin 
O°C 
60 
84 
dB 


70°C 
60 
85 


25°C 
65 
95 


kSVR 
Supply-voltage 
rejection ratio 
VOO = 5 V to 10 V, 
VO=1.4V 
O°C 
60 
94 
dB 
(AVOO/AV,O) 
70°C 
60 
96 


25°C 
1.4 
3.2 


100 
Supply current (two amplifiers) 
VO=2.5V, 
VIC = 5 V, 
O°C 
1.6 
3.6 
mA 
No load 
70°C 
1.2 
2.6 
t Full range is O°C to 70°C. 
NOTES: 
4. 
The typical values of input bias current and input offset current below 5 pA were determined 
mathematically. 
5. 
This range also applies to each input individually. 
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TLC272C,TLC272AC, 


PARAMETER 
TEST CONDITIONS 
TAt 
TLC272BC,TLC277C 
UNIT 
MIN 
TYP 
MAX 


Vo = 1.4 V, 
VIC=O, 
25°C 
1.1 
10 
TLC272C 
RS = 50 Q, 
RL=10kil 
Full range 
12 
mV 
VO= 
1.4 V, 
VIC=O, 
25°C 
0.9 
5 
TLC272AC 
RS = 50 Q, 
RL = 10 kil 
Full range 
6.5 
VIO 
Input offset voltage 
25°C 
290 
2000 
TLC272BC 
VO= 
1.4 V, 
VIC=O, 


RS=50Q, 
RL=10kn 
Full range 
3000 


25°C 
250 
800 
!-LV 


TLC277C 
VO=l.4V, 
VIC=O, 


RS=50Q, 
RL=10kil 
Full range 
1900 


aVIO 
Temperature coefficient of input offset voltage 
25°C to 
2 
!-LVI"C 
70°C 


110 
25°C 
0.1 
Input offset current (see Note 4) 
VO= 
5 V, 
VIC=5 
V 
70°C 
300 
pA 
7 


25°C 
0.7 
liB 
Input bias current (see Note 4) 
VO= 
5 V, 
VIC=5V 
70°C 
pA 
50 
600 


-0.2 
-0.3 
25°C 
to 
to 
V 


Common-mode 
input voltage range 
9 
9.2 
VICR 
(see Note 5) 
-0.2 
Full range 
to 
V 
8.5 


25°C 
8 
8.5 


VOH 
High-level output voltage 
VIO= 
100mV, 
RL=10kil 
O°C 
7.8 
8.5 
V 


70°C 
7.8 
8.4 


25°C 
0 
50 


VOL 
Low-level output voltage 
Vlo=-100mV, 
'OL=O 
O°C 
0 
50 
mV 


70°C 
0 
50 


25°C 
10 
36 


AVO 
Large-signal 
differential voltage amplification 
VO= 
1 Vt06V, 
RL= 
10kil 
O°C 
7.5 
42 
V/mV 


70°C 
7.5 
32 


25°C 
65 
85 


CMRR 
Common-mode 
rejection ratio 
VIC = VICRmin 
O°C 
60 
88 
dB 


70°C 
60 
88 


25°C 
65 
95 


kSVR 
Supply-voltage 
rejection ratio 
VOO = 5 V to 10 V, 
Vo = 1.4 V 
O°C 
60 
94 
dB 
(t,vOO/&VIO) 
70°C 
60 
96 


25°C 
1.9 
4 


100 
Supply current (two amplifiers) 
Vo = 2.5 V, 
VIC = 5 V, 
O°C 
2.3 
4.4 
mA 
No load 
70°C 
1.6 
3.4 
t Full range is O°C to 70°C. 
NOTES: 
4. 
The typical values of input bias current and input offset current below 5 pA were determined 
mathematically. 


5. 
This range also applies to each input individually. 


~TEXAS 
INSTRUMENTS 


TLC272,TLC272A,TLC272B,TLC272~TLC277 
LinCMOSTM PRECISION DUAL OPERATIONAL AMPLIFIERS 


TLC2721, TLC272AI, 


PARAMETER 
TEST CONDITIONS 
TAt 
TLC272BI. TLC2nl 
UNIT 
MIN 
TYP 
MAX 


VO=l.4V, 
VIC=O, 
25°C 
1.1 
10 
TLC2721 
RS=50Q, 
RL = 10 kQ 
Full range 
13 
mV 
VO=l.4V, 
VIC=O, 
25°C 
0.9 
5 
TLC272AI 
RS =50Q, 
RL = 10 kQ 
Full range 
7 
VIO 
Input offset voltage 
25°C 
230 
2000 
TLC272BI 
VO=l.4V, 
VIC=O, 
RS = 50 Q, 
RL= 
10 kQ 
Full range 
3500 


25°C 
200 
500 
llV 


TLC2771 
Vo = 1.4 V, 
VIC=O, 


RS = 50 Q, 
RL=10kQ 
Full range 
2000 


Temperature coefficient of input offset voltage 
25°C to 
1.8 
llV/oC 
aVIO 
85°C 


25°C 
0.1 
110 
Input offset current (see Note 4) 
VO=2.5V, 
VIC = 2.5 V 
85°C 
24 
15 
pA 


25°C 
0.6 
liB 
Input bias current (see Note 4) 
VO=2.5V, 
VIC= 
2.5V 
85°C 
200 
35 
pA 


-0.2 
-0.3 
25°C 
to 
to 
V 


Common-mode 
input voltage range 
4 
4.2 
VICR 
(see Note 5) 
-0.2 
Full range 
to 
V 
3.5 


25°C 
3.2 
3.8 


VOH 
High-level output voltage 
VIO = 100 mV, 
RL= 
10 kQ 
-40°C 
3 
3.8 
V 


85°C 
3 
3.8 


25°C 
0 
50 


VOL 
Low-level output voltage 
VIO=-100mV, 
'OL=O 
-40°C 
, 
0 
50 
mV 


85°C 
0 
50 


25°C 
5 
23 


AVO 
Large-signal 
differential voltage amplification 
VO=lVt06V, 
RL= 
10 kQ 
-40°C 
3.5 
32 
V/mV 


85°C 
3.5 
19 


25°C 
65 
80 


CMRR 
Common-mode 
rejection ratio 
VIC = VICRmin 
-40°C 
60 
81 
dB 


85°C 
60 
86 


25°C 
65 
95 


kSVR 
Supply-voltage 
rejection ratio 
VOO=5Vtol0V, 
VO=l.4V 
-40°C 
60 
92 
dB 
(<,NOO/AVIO) 
85°C 
60 
96 


25°C 
1.4 
3.2 


100 
Supply current (two amplifiers) 
Vo = 5 V, 
VIC=5 
V, 
-40°C 
1.9 
4.4 
mA 
No load 
85°C 
1.1 
2.4 
t Full range is -40°C 
to 85°C. 


NOTES: 
4. 
The typical values of input bias current and input offset current below 5 pA were determined 
mathematically. 
5. 
This range also applies to each input individually. 


~TEXAS 
INSTRUMENTS 


TLC272, TLC272A,TLC272B, 
TLC272~TLC277 
LinCMOSTM PRECISION DUAL OPERATIONAL AMPLIFIERS 


TLC2721, TLC272AI, 


PARAMETER 
TEST CONDITIONS 
TAt 
TLC272BI, TLC2nl 
UNIT 
MIN 
TYP 
MAX 


VO=1.4V, 
VIC=O, 
25°C 
1.1 
10 
TLC2721 
RS = 50 Q, 
RL= 
10 kn 
Full range 
13 


mV 
VO=1.4V, 
VIC=O, 
25°C 
0.9 
5 
TLC272AI 
RS = 50 Q, 
RL=10kn 
Full range 
7 


VIO 
Input offset voltage 
25°C 
290 
2000 
TLC272BI 
VO=1.4V, 
VIC=O, 


RS = 50 Q, 
RL= 
10kn 
Full range 
3500 


25°C 
250 
800 
!lV 


TLC2771 
VO=1.4V, 
VIC=O, 


RS = 50 Q, 
RL= 10kn 
Full range 
2900 


UVIO 
Temperature coefficient of input offset voltage 
25°C to 
2 
!lV/DC 
85°C 


25°C 
0.1 
110 
Input offset current (see Note 4) 
Vo = 5 V, 
VIC = 5 V 
85°C 
26 
1000 
pA 


liB 
25°C 
0.7 
Input bias current (see Note 4) 
Vo = 5 V, 
VIC = 5 V 
85°C 
220 
2000 
pA 


-0.2 
-0.3 
25°C 
to 
to 
V 


Common-mode 
input voltage range 
9 
9.2 
VICR 
(see Note 5) 
-0.2 
Full range 
to 
V 
8.5 


25°C 
8 
8.5 


VOH 
High-level output voltage 
VID= 
100 mY, 
RL=10kQ 
-40°C 
7.8 
8.5 
V 


85°C 
7.8 
8.5 


25°C 
0 
50 


VOL 
Low-level output voltage 
VID = -100 mY, 
10L=0 
-40°C 
0 
50 
mV 


85°C 
0 
50 


25°C 
10 
36 


AVD 
Large-signal 
differential voltage amplification 
VO= 
1 Vt06V, 
RL= 10kn 
-40°C 
7 
46 
V/mV 


85°C 
7 
31 


25°C 
65 
85 


CMRR 
Common-mode 
rejection ratio 
VIC = VICRmin 
-40°C 
60 
87 
dB 


85°C 
60 
88 


25°C 
65 
95 


kSVR 
Supply-voltage 
rejection ratio 
VDD = 5 V to 10 V, 
VO=1.4V 
-40°C 
60 
92 
dB 
(AVDD/AVIO) 
85°C 
60 
96 


25°C 
1.4 
4 


IDD 
Supply current (two amplifiers) 
Vo = 5 V, 
VIC = 5V, 
-40°C 
2.8 
5 
mA 
No load 
85°C 
1.5 
3.2 


t Full range is -40°C 
to 85°C. 


NOTES: 
4. 
The typical values of input bias current and input offset current below 5 pA were determined 
mathematically. 


5. 
This range also applies to each input individually. 


~TEXAS 
INSTRUMENTS 


TLC272,TLC272A,TLC272B,TLC272~TLC277 
LinCMOSTM PRECISION DUAL OPERATIONAL AMPLIFIERS 


TEST CONDITIONS 
TAt 
TLC272M, TLC277M 
UNIT 
PARAMETER 
MIN 
TYP 
MAX 


VO=l.4V, 
VIC=O, 
25°C 
1.1 
10 
TLC272M 
mV 
RS = 50 Q, 
RL= 
10 kQ 
Full range 
12 
VIO 
Input offset voltage 
25°C 
200 
500 
TLC277M 
Vo = 1.4 V, 
VIC=O, 
J.1V 
RS = 50 Q, 
RL = 10 kQ 
Full range 
3750 


Temperature coefficient of input offset 
25°C to 
2.1 
J.1V/oC 
aVIO 
voltage 
125°C 


25°C 
0.1 
pA 
110 
Input offset current (see Note 4) 
VO=2.5V 
VIC =2.5 V 
125°C 
1.4 
15 
nA 


25°C 
0.6 
pA 
liB 
Input bias current (see Note 4) 
VO=2.5V 
VIC =2.5 V 
125°C 
9 
35 
nA 


0 
-0.3 
25°C 
to 
to 
V 


Common-mode 
input voltage range 
4 
4.2 
VICR 
(see Note 5) 
0 
Full range 
to 
V 
3.5 


25°C 
3.2 
3.8 


VOH 
High-level output voltage 
VIO = 100 mV, 
RL= 
10 kQ 
-55°C 
3 
3.8 
V 


125°C 
3 
3.8 


25°C 
0 
50 


VOL 
Low-level output voltage 
VID = -100 
mV, 
10L=0 
-55°C 
0 
50 
mV 


125°C 
0 
50 


25°C 
5 
23 


AVO 
Large-signal 
differential voltage amplification 
VO=0.25Vt02V 
RL = 10 kQ 
-55°C 
3.5 
35 
V/mV 


125°C 
3.5 
16 


25°C 
65 
80 


CMRR 
Common-mode 
rejection ratio 
VIC = VICRmin 
-55°C 
60 
81 
dB 


125°C 
60 
84 


25°C 
65 
95 


kSVR 
Supply-voltage 
rejection ratio 
VOO = 5 V to 10 V, 
VO=l.4V 
-55°C 
60 
90 
dB 
(~VOO/~VIO) 
125°C 
60 
97 


25°C 
1.4 
3.2 


100 
Supply current (two amplifiers) 
VO=2.5V, 
VIC =2.5 V, 
-55°C 
2 
5 
mA 
No load 
125°C 
1 
2.2 
t Full range is -55°C 
to 125°C. 


NOTES: 
4. 
The typical values of input bias current and input offset current below 5 pA were determined 
mathematically. 
5. 
This range also applies to each input individually. 


~TEXAS 
INSTRUMENTS 


TLC272,TLC272A,TLC272B, 
TLC272Y,TLC277 
LinCMOSTMPRECISION DUAL OPERATIONAL AMPLIFIERS 


TEST CONDITIONS 
TAt 
TLC272M, TLC2nM 
UNIT 
PARAMETER 
MIN 
TYP 
MAX 


VO=l.4V. 
VIC=O. 
25°C 
1.1 
10 
TLC272M 
mV 
RS = 50Q, 
RL=10kQ 
Full range 
12 
VIO 
Input offset voltage 
VO=l.4V. 
VIC=O. 
25°C 
250 
800 
TLC277M 
~V 
RS = 50 Q, 
RL = 10 kQ 
Full range 
4300 


Temperature coefficient of input offset 
25°C to 
2.2 
~V/oC 
aVIO 
voltage 
125°C 


25°C 
0.1 
pA 
110 
Input offset current (see Note 4) 
Vo = 5 V, 
VIC=5 
V 
125°C 
1.8 
15 
nA 


25°C 
0.7 
pA 
liB 
Input bias current (see Note 4) 
Vo = 5 V, 
VIC =5 V 
125°C 
10 
35 
nA 
a 
-0.3 
25°C 
to 
to 
V 


Common-mode 
input voltage range 
9 
9.2 
VICR 
(see Note 5) 
a 
Full range 
to 
V 
8.5 


25°C 
8 
8.5 


VOH 
High-level output voltage 
VID = 100 mV. 
RL = 10 kQ 
-55°C 
7.8 
8.5 
V 


125°C 
7.8 
8.4 


25°C 
a 
50 


VOL 
Low-level output voltage 
VID = -100 
mV, 
10L=0 
-55°C 
a 
50 
mV 


125°C 
a 
50 


25°C 
10 
36 


AVD 
Large-signal 
differential voltage 
VO=l 
Vt06V, 
RL= 
10 kQ 
-55°C 
7 
50 
V/mV 
amplification 
125°C 
7 
27 


25°C 
65 
85 


CMRR 
Common-mode 
rejection ratio 
VIC = VICRmin 
-55°C 
60 
87 
dB 


125°C 
60 
86 


25°C 
65 
95 


kSVR 
Supply-voltage 
rejection ratio 
VDD = 5 V to 10 V, 
VO=l.4V 
-55°C 
60 
90 
dB 
(t.vDD/6VIO) 
125°C 
60 
97 


25°C 
1.9 
4 


IDD 
Supply current (two amplifiers) 
VO=5 
V, 
VIC =5 V. 
-55°C 
3 
6 
mA 
No load 
125°C 
1.3 
2.8 
t Full range is -55°C 
to 125°C. 
NOTES: 
4. 
The typical values of input bias current and input offset current below 5 pA were determined 
mathematically. 
5. 
This range also applies to each input individually. 


~TEXAS 
INSTRUMENTS 


TLC272,TLC272A,TLC272B,TLC272~TLC277 
LinCMOSTM PRECISION DUAL OPERATIONAL AMPLIFIERS 


TLC272Y 
PARAMETER 
TEST CONDITIONS 
MIN 
TYP 
MAX 
UNIT 


VIO 
Input offset voltage 
VO=1.4V, 
VIC=O, 
1.1 
10 
mV 
RS = 50 n, 
RL=10kil 


UVIO 
Temperature coefficient of input offset voltage 
1.8 
IlVfoC 


110 
Input offset current (see Note 4) 
VO=2.5V, 
VIC=2.5 
V 
0.1 
pA 


liB 
Input bias current (see Note 4) 
VO=2.5 
V, 
VIC = 2.5 V 
0.6 
pA 


-0.2 
-0.3 


VICR 
Common-mode 
input voltage range (see Note 5) 
to 
to 
V 
4 
4.2 


VOH 
High-level output voltage 
VIO= 
100 mV, 
RL=10kil 
3.2 
3.8 
V 


VOL 
Low-level output voltage 
Vlo=-100mV, 
10L=0 
0 
50 
mV 


AVO 
Large-signal 
differential voltage amplification 
VO=0.25Vt02V 
RL=10kil 
5 
23 
VfmV 


CMRR 
Common-mode 
rejection ratio 
VIC = VICRmin 
65 
80 
dB 


kSVR 
Supply-voltage 
rejection ratio (AVOO fAVIO) 
VOO = 5 V to 10 V, 
VO=l.4V 
65 
95 
dB 


100 
Supply current (two amplifiers) 
VO=2.5V, 
VIC =2.5V, 
1.4 
3.2 
mA 
No load 


NOTES: 
4. 
The typical values of input bias current and input offset current below 5 pA were determined 
mathematically. 


5. 
This range also applies to each input individually. 


TLC272Y 
PARAMETER 
TEST CONDITIONS 
MIN 
TYP 
MAX 
UNIT 


VIO 
Input offset voltage 
VO= 
1.4 V, 
VIC=O, 
1.1 
10 
mV 
RS = 50 n, 
RL = 10 kil 


UVIO 
Temperature coefficient of input offset voltage 
1.8 
IlVfoC 


110 
Input offset current (see Note 4) 
Vo = 5 V, 
VIC =5 V 
0.1 
pA 


liB 
Input bias current (see Note 4) 
Vo = 5 V, 
VIC =5 V 
0.7 
pA 


-0.2 
-0.3 


VICR 
Common-mode 
input voltage range (see Note 5) 
to 
to 
V 
9 
9.2 


VOH 
High-level output voltage 
VIO = 100mV, 
RL = 10 kil 
8 
8.5 
V 


VOL 
Low-level output voltage 
VIO = -100 mV, 
10L=0 
0 
50 
mV 


AVO 
Large-signal differential voltage amplification 
VO= 
1 Vt06V, 
RL=10kil 
10 
36 
VfmV 


CMRR 
Common-mode 
rejection ratio 
VIC = VICRmin 
65 
85 
dB 


kSVR 
Supply-voltage 
rejection ratio (AVOOfAVIO) 
VOO=5Vtol0V, 
VO=1.4V 
65 
95 
dB 


100 
Supply current (two amplifiers) 
Vo = 5 V, 
VIC =5 V, 
1.9 
4 
mA 
No load 


NOTES: 
4. 
The typical values of input bias current and input offset current below 5 pA were determined 
mathematically. 
5. 
This range also applies to each input individually. 


~TEXAS 
INSTRUMENTS 


TLC272,TLC272A,TLC272B, 
TLC272Y, TLC277 
LinCMOSTM PRECISION DUAL OPERATIONAL AMPLIFIERS 


TLC272C.TLC272AC. 


PARAMETER 
TEST CONDITIONS 
TA 
TLC272BC,TLC277C 
UNIT 
MIN 
TYP 
MAX 


25°C 
3.6 


VIPP= 
1 V 
O°C 
4 
RL = 10 kil, 
70°C 
3 
SR 
Slew rate at unity gain 
CL = 20 pF, 
V/IlS 
See Figure 1 
25°C 
2.9 


V,pp=2.5 
V 
O°C 
3.1 


70°C 
2.5 


Vn 
Equivalent input noise voltage 
1= 1 kHz, 
RS = 20 Q, 


25°C 
25 
nV/VRZ 
See Figure 2 


25°C 
320 


BOM 
Maximum output-swing 
bandwidth 
VO=VOH, 
CL = 20 pF, 
O°C 
340 
kHz 
RL = 10 kil, 
See Figure 1 
70°C 
260 


25°C 
1.7 


B1 
Unity-gain bandwidth 
VI = 10 mV, 
CL = 20 pF, 
O°C 
2 
MHz 
See Figure 3 


70°C 
1.3 


25°C 
46° 


$m 
Phase margin 
VI = 10 mY, 
I=B1, 
O°C 
47° 
CL = 20 pF, 
See Figure 3 
70°C 
43° 


TLC272C. TLC272AC. 


PARAMETER 
TEST CONDITIONS 
TA 
TLC272BC, 
TLC277C 
UNIT 
MIN 
TYP 
MAX 


25°C 
5.3 


VIPP= 
1 V 
O°C 
5.9 
RL = 10 kil, 
70°C 
4.3 
SR 
Slew rate at unity gain 
CL =20 pF, 
V/IlS 
See Figure 1 
25°C 
4.6 


VIPp=5.5V 
O°C 
5.1 


70°C 
3.8 


Vn 
Equivalent input noise voltage 
1= 1 kHz, 
RS = 20 Q, 


25°C 
25 
nV/VRZ 
See Figure 2 


25°C 
200 


BOM 
Maximum output-swing 
bandwidth 
VO=VOH, 
CL = 20 pF, 
O°C 
220 
kHz 
RL = 10 kil, 
See Figure 1 
70°C 
140 


25°C 
2.2 


B1 
Unity-gain bandwidth 
VI = 10 mY, 
CL = 20 pF, 
O°C 
2.5 
MHz 
See Figure 3 
70°C 
1.8 


25°C 
49° 


$m 
Phase margin 
VI = 10mV, 
I=B1, 
O°C 
50° 
CL = 20 pF, 
See Figure 3 
70°C 
46° 


~TEXAS 
INSTRUMENTS 


TLC272, TLC272A,TLC272B,TLC272~ 
TLC277 
LinCMOSTM PRECISION DUAL OPERATIONAL AMPLIFIERS 


TLC2721, TLC272AI, 


PARAMETER 
TEST CONDITIONS 
TA 
TLC272BI, 
TLC2nl 
UNIT 
MIN 
TYP 
MAX 


25°C 
3.6 


VIPP= 
1 V 
-40°C 
4.5 
RL = 10 kQ, 
85°C 
2.8 
SR 
Slew rate at unity gain 
CL = 20 pF, 
V/Jls 
See Figure 1 
25°C 
2.9 


VIPP = 2.5 V 
-40°C 
3.5 


85°C 
2.3 


Vn 
Equivalent input noise voltage 
1= 1 kHz, 
RS =20 Q, 
25°C 
25 
nV/VHZ 
See Figure 2 


25°C 
320 


BOM 
Maximum output-swing 
bandwidth 
VO=VOH, 
CL = 20 pF, 
-40°C 
380 
kHz 
RL = 10 kQ, 
See Figure 1 
85°C 
250 


25°C 
1.7 


B1 
Unity-gain bandwidth 
VI = 10 mV, 
CL = 20 pF, 
-40°C 
2.6 
MHz 
See Figure 3 
85°C 
1.2 


25°C 
46° 


"'m 
Phase margin 
VI = 10 mV, 
I=B1, 
-40°C 
49° 
CL = 20 pF, 
See Figure 3 
85°C 
43° 


TLC2721, TLC272AI, 


PARAMETER 
TEST CONDITIONS 
TA 
TLC272BI, TLC2nl 
UNIT 
MIN 
TYP 
MAX 


25°C 
5.3 


VIPP= 
1 V 
-40°C 
6.8 
RL=10kQ, 
85°C 
4 
SR 
Slew rate at unity gain 
CL = 20 pF, 
V/JlS 
See Figure 1 
25°C 
4.6 


VIPP = 5.5 V 
-40°C 
5.8 


85°C 
3.5 


Vn 
Equivalent input noise voltage 
1= 1 kHz, 
RS = 20 Q, 
25°C 
25 
nV/VHZ 
See Figure 2 


25°C 
200 


BOM 
Maximum output-swing 
bandwidth 
VO=VOH, 
CL = 20 pF, 
-40°C 
260 
kHz 
RL=10kQ, 
See Figure 1 
85°C 
130 


25°C 
2.2 


B1 
Unity-gain bandwidth 
Vj=10mV, 
CL = 20 pF, 
-40°C 
3.1 
MHz 
See Figure 3 
85°C 
1.7 


25°C 
49° 


"'m 
Phase margin 
VI=10mV, 
I=B1, 
-40°C 
52° 
CL = 20 pF, 
See Figure 3 
85°C 
46° 


~TEXAS 
INSTRUMENTS 


TLC272,TLC272A,TLC272B,TLC272~TLC277 
LinCMOSTM PRECISION DUAL OPERATIONAL AMPLIFIERS 


TEST CONDITIONS 
TA 
TLC272M, TLC2nM 
UNIT 
PARAMETER 
MIN 
TYP 
MAX 


25°C 
3.6 


VIPP= 
1 V 
-55°C 
4.7 
RL = 10 kQ, 
125°C 
2.3 
SR 
Slew rate at unity gain 
CL = 20 pF, 
V/Jls 
See Figure 1 
25°C 
2.9 


VIPp=2.5 
V 
-55°C 
3.7 


125°C 
2 


Vn 
Equivalent input noise voltage 
1= 1 kHz, 
RS = 20 Q, 
25°C 
25 
nV/\IHZ 
See Figure 2 


25°C 
320 


80M 
Maximum output-swing 
bandwidth 
VO=VOH, 
CL = 20 pF, 
-55°C 
400 
kHz 
RL = 10 kQ, 
See Figure 1 
125°C 
230 


25°C 
1.7 


81 
Unity-gain bandwidth 
VI=10mV, 
CL = 20 pF, 
-55°C 
2.9 
MHz 
See Figure 3 
125°C 
1.1 


25°C 
46° 


<l>m 
Phase margin 
Vj=10mV, 
1=81, 
-55°C 
49° 
CL = 20 pF, 
See Figure 3 
125°C 
41° 


PARAMETER 
TEST CONDITIONS 
TA 
TLC272M, TLC277M 
UNIT 
MIN 
TYP 
MAX 


25°C 
5.3 


VIPP = 1 V 
-55°C 
7.1 
RL= 
10kn, 
125°C 
3.1 
SR 
Slew rate at unity gain 
CL = 20 pF, 
V/JlS 
See Figure 1 
25°C 
4.6 


VIPp=5.5 
V 
-55°C 
6.1 


125°C 
2.7 


Vn 
Equivalent input noise voltage 
1= 1 kHz, 
RS = 20 Q, 
25°C 
25 
nV/\IHZ 
See Figure 2 


25°C 
200 


80M 
Maximum output-swing 
bandwidth 
VO=VOH, 
CL = 20 pF, 
-55°C 
280 
kHz 
RL=10kQ, 
See Figure 1 
125°C 
110 


25°C 
2.2 


81 
Unity-gain bandwidth 
VI=10mV, 
CL = 20 pF. 
-55°C 
3.4 
MHz 
See Figure 3 
125°C 
1.6 


25°C 
49° 


<l>m 
Phase margin 
V,=10mV, 
1=81. 
-55°C 
52° 
CL = 20 pF, 
See Figure 3 
125°C 
44° 
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TLC272Y 
PARAMETER 
TEST CONDITIONS 
MIN 
TYP 
UNIT 
MAX 


RL = 10 kn, 
CL = 20 pF, 
IVIPP= 
1 V 
3.6 
SR 
Slew rate at unity gain 
V/IlS 
See Figure 1 
IVIPp=2.5 
V 
2.9 


Vn 
Equivalent input noise voltage 
1= 1 kHz, 
RS =20il, 
See Figure 2 
25 
nV/-JHz 


80M 
Maximum output-swing 
bandwidth 
VO=VOH, 
CL = 20 pF, 
RL = 10 kil, 
320 
kHz 
See Figure 1 


81 
Unity-gain bandwidth 
V,=10mV, 
CL = 20 pF, 
See Figure 3 
1.7 
MHz 


<l>m 
Phase margin 
V,=10mV, 
I=B1, 
CL = 20 pF, 
46° 
See Figure 3 


TLC272Y 
PARAMETER 
TEST CONDITIONS 
MIN 
TYP 
UNIT 
MAX 


RL=10kQ, 
CL = 20 pF, 
IVIPP= 
1 V 
5.3 
SR 
Slew rate at unity gain 
V/IlS 
See Figure 1 
IVIPP = 5.5 V 
4.6 


Vn 
Equivalent input noise voltage 
1= 1 kHz, 
RS=20il, 
See Figure 2 
25 
nV/-JHz 


80M 
Maximum output-swing 
bandwidth 
VO=VOH, 
CL = 20 pF, 
RL = 10 kQ, 
200 
kHz 
See Figure 1 


B1 
Unity-gain bandwidth 
V,=10mV, 
CL = 20 pF, 
See Figure 3 
2.2 
MHz 


<l>m 
Phase margin 
V,=10mV, 
1=81, 
CL = 20 pF, 
49° 
See Figure 3 
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single-supply 
versus split-supply 
test circuits 


Because 
the TLC272 
and TLC277 
are optimized 
for single-supply 
operation, 
circuit configurations 
used for the 
various 
tests 
often 
present 
some 
inconvenience 
since the input signal, 
in many 
cases, 
must 
be offset 
from 
ground. 
This inconvenience 
can be avoided 
by testing the device 
with split supplies 
and the output 
load tied to 
the negative 
rail. A comparison 
of single-supply 
versus split-supply 
test circuits is shown below. The use of either 
circuit 
gives the same 
result. 


Voo- 


(b) SPLIT SUPPLY 


Voo- 


(b) SPLIT SUPPLY 


Voo- 


(b) SPLIT SUPPLY 
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input bias current 


Because 
of the high input impedance 
of the TLC272 
and TLC277 
operational 
amplifiers, 
attempts 
to measure 
the input bias current 
can result in erroneous 
readings. 
The bias current 
at normal 
room ambient 
temperature 
is typically 
less than 1 pA, a value that is easily exceeded 
by leakages 
on the test socket. 
Two suggestions 
are 
offered 
to avoid erroneous 
measurements: 


1. 
Isolate the device from other potential 
leakage 
sources. 
Use a grounded 
shield around 
and between 
the 
device 
inputs 
(see Figure 4). Leakages 
that would 
otherwise 
flow to the inputs are shunted 
away. 


2. 
Compensate 
for the leakage 
of the test socket 
by actually 
performing 
an input bias current 
test (using 
a picoammeter) 
with no device 
in the test socket. 
The actual 
input bias current 
can then be calculated 
by subtracting 
the open-socket 
leakage 
readings 
from the readings 
obtained 
with a device 
in the test 
socket. 


One word of caution: 
many automatic 
testers 
as well as some bench-top 
operational 
amplifier 
testers 
use the 
servo-loop 
technique 
with a resistor 
in series with the device input to measure 
the input bias current 
(the voltage 
drop across 
the series 
resistor 
is measured 
and the bias current 
is calculated). 
This method 
requires 
that a 
device 
be inserted 
into the test socket 
to obtain 
a correct 
reading; 
therefore, 
an open-socket 
reading 
is not 
feasible 
using this method. 8. 
C C C C 
V=VIC 


C C C C 


1 
4 


Figure 4. Isolation 
Metal Around Device Inputs 
(JG and P packages) 


To obtain low-supply-voltage 
operation, 
some compromise 
was necessary 
in the input stage. This compromise 
results 
in the device 
low-level 
output 
being dependent 
on both the common-mode 
input voltage 
level as well 
as the differential 
input voltage 
level. When attempting 
to correlate 
low-level 
output 
readings 
with those quoted 
in the electrical 
specifications, 
these two conditions 
should 
be observed. 
If conditions 
other than these are to 
be used, please 
refer to Figures 
14 through 
19 in the Typical 
Characteristics 
of this data sheet. 


input offset voltage temperature coefficient 


Erroneous 
readings 
often result from attempts 
to measure 
temperature 
coefficient 
of input offset voltage. 
This 
parameter 
is actually 
a calculation 
using 
input 
offset 
voltage 
measurements 
obtained 
at two 
different 
temperatures. 
When one (or both) of the temperatures 
is below freezing, 
moisture 
can collect on both the device 
and the test socket. 
This moisture 
results in leakage 
and contact 
resistance, 
which can cause erroneous 
input 
offset voltage 
readings. 
The isolation 
techniques 
previously 
mentioned 
have no effect on the leakage 
since the 
moisture 
also 
covers 
the 
isolation 
metal 
itself, 
thereby 
rendering 
it useless. 
It is suggested 
that 
these 
measurements 
be performed 
at temperatures 
above 
freeZing 
to minimize 
error. 
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full-power 
response 


Full-power response, the frequency above which the operational amplifier slew rate limits the output voltage 
swing, is often specified two ways: full-linear response and full-peak response. The full-linear response is 
generally measured by monitoring the distortion level ofthe output while increasing the frequency of a sinusoidal 
input signal until the maximum frequency is found above which the output contains significant distortion. The 
full-peak response is defined as the maximum output frequency, without regard to distortion, above which full 
peak-to-peak output swing cannot be maintained. 


Because there is no industry-wide accepted value for significant distortion, the full-peak response is specified 
in this data sheet and is measured using the circuit of Figure 1. The initial setup involves the use of a sinusoidal 
input to determine the maximum peak-to-peak output of the device (the amplitude of the sinusoidal wave is 
increased until clipping occurs). The sinusoidal wave is then replaced with a square wave of the same 
amplitude. The frequency isthen increased until the maximum peak-to-peak output can no longer be maintained 
(Figure 5). A square wave is used to allow a more accurate determination of the point at which the maximum 
peak-to-peak output is reached. 11 A 


Inadequate test time is a frequent problem, especially when testing CMOS devices in a high-volume, 
short-test-time environment. Internal capacitances are inherently higher in CMOS than in bipolar and BiFET 
devices and require longer test times than their bipolar and BiFET counterparts. The problem becomes more 
pronounced with reduced supply levels and lower temperatures. 
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FIGURE 


VIO 
Input offset voltage 
Distribution 
6,7 


aVIO 
Temperature coefficient of input offset voltage 
Distribution 
8,9 


vs High-ievel output current 
10,11 


VOH 
High-level output voltage 
vs Supply voltage 
12 
vs Free-air temperature 
13 


vs Common-mode 
input voltage 
14,15 


VOL 
Low-level output voltage 
vs Differential input voltage 
16 
vs Free-air temperature 
17 
vs Low-level output current 
18,19 


vs Supply voltage 
20 
AVD 
Large-signal 
differential voltage amplification 
vs Free-air temperature 
21 
vs Frequency 
32,33 


liB 
Input bias current 
vs Free-air temperature 
22 


110 
Input offset current 
vs Free-air temperature 
22 


VIC 
Common-mode 
input voltage 
vs Supply voltage 
23 


IDD 
Supply current 
vs Supply voltage 
24 
vs Free-air temperature 
25 


SR 
Slew rate 
vs Supply voltage 
26 
vs Free-air temperature 
27 


Normalized slew rate 
vs Free-air temperature 
28 


VO(PP) 
Maximum peak-to-peak 
output voltage 
vs Frequency 
29 


B1 
Unity-gain bandwidth 
vs Free-air temperature 
30 
vs Supply voltage 
31 


vs Supply voltage 
34 


'm 
Phase margin 
vs Free-air temperature 
35 
vs Load capacitance 
36 


Vn 
Equivalent input noise voltage 
vs Frequency 
37 


Phase shift 
vs Frequency 
32,33 
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DISTRIBUTION OF TLC272 
INPUT OFFSET VOLTAGE 
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DISTRIBUTION OF TLC272 
INPUT OFFSET VOLTAGE 


60 


50 


~ 
I 
40 
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'0 
30 
••'"~ 
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20 
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I 
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I 
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I 
I 
753 Amplifiers 
Tested From 6 Wafer Lots 


_VOO= 
10V 
TA = 25°C 
- 
P Package 


_ •... 
....11 


o 
-5 
-4 
-3 
-2 
-1 
0 
1 
2 
3 
4 
5 
VIO - Input Offset Voltage - mV 


DISTRIBUTION OF TLC272 AND TLC2n 
INPUT OFFSET VOLTAGE 
TEMPERATURE 
COEFFICIENT 


60 


50 
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324 Amplifiers 
Tested From 8 Wafer Lots 
VOO=5 
V 
I- TA = 25°C to 125°C 
P Package 
Outliers: 
tr~ 
I- (1) 20.5 /lV/"C 


-I--. 
r- 
L~ 


o 
-5 
-4 
-3 
-2 
-1 
0 
1 
2 
3 
4 
5 
VIO -Input 
Offset Voltage - mV 


DISTRIBUTION OF TLC272 AND TLC2n 
INPUT OFFSET VOLTAGE 
TEMPERATURE 
COEFFICIENT 


60 
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324 Amplifiers 
Tested From 8 Wafer Lots 
VOO= 5V 
I- TA = 25°C to 125°C 
P Package 
Outliers: 


I- (1) 21.2 /lV/"C lJ 


r 
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aVIO - Temperature 
Coefficient 
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HIGH-LEVEL 
OUTPUT VOLTAGE 
vs 
HIGH-LEVEL 
OUTPUT CURRENT 


VID = 100 mV 
TA = 25°C 
See Note A 


I 


o o 
-2 
-4 
-6 
-8 
-10 
IOH - High-Level Output Current - mA 


NOTE A: 
The 3-V curve only applies to the eversion. 


Figure 10 
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HIGH-LEVEL OUTPUT VOLTAGE 
vs 
SUPPLY VOLTAGE 


I 
I 
VID = 100 mV 
- 
RL= 10 k.Q 
/ 
TA = 25°C 
V 
V 


/ V 
/ 
/ 
/ 
/ 


o o 
2 
4 
6 
8 
10 
12 
14 
16 
Voo - Supply Voltage - V 


HIGH-LEVEL 
OUTPUT VOLTAGE 
vs 
HIGH-LEVEL 
OUTPUT CURRENT 
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IOH - High-Level Output Current - mA 


Figure 11 


HIGH-LEVEL 
OUTPUT VOLTAGE 
vs 
FREE-AIR TEMPERATURE 
VOO-1.6 


> 
VOO-1.7 
I 


G>en 
VOO-1.8 
S;g 
:; 
VOO-1.9 
Co:;0 
VOO-2 
'ii> 
G>... 
Voo -2.1 
1:- 
enJ: 
I 
VOO-2.2 
:I: 
-? 
VOO-2.3 


VOO-2.4 
-75 
-50 
-25 
0 
20 
50 
75 
100 
125 
TA - Free-Air Temperature - °C 


Figure 13 
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LOW-LEVEL 
OUTPUT 
VOLTAGE 
vs 
COMMON-MODE 
INPUT 
VOLTAGE 
700 


VOO =5 V 
> 
650 
IOL=5mA 
E 
I 
TA = 25°C 
•• 
600 
01 
J!!;g 
550 
'5.e- 
::J 
500 
0 
a; 
>•• 
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...• 
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...• 
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I...• 
-:9 
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300 
0 
0.5 
1 
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2 
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3 
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VIC - Common-Mode 
Input Voltage - V 


Figure 14 


LOW-LEVEL 
OUTPUT 
VOLTAGE 
vs 
DIFFERENTIAL 
INPUT 
VOLTAGE 
800 


> 
700 


E 
I 
600 
•• 
01 
J!!;g 
500 
'5Q. 
'5 
400 
0 
a; 
> 
300 
••...• 
;i: 
0 
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-:9 
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I 
I 
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IOL =5 mA 
<- 
VIC = IVlof21 
1\ 
TA,=25°C 
\ 
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I\.. I\.voo 
= 5 V 


"-I" 
~ --r- 
VOO=10V 


o o 
-1 
-2 
-3 
-4 
-5 
-6 
-7 
-8 
-9 
-10 
VID - Oifferentiallnput 
Voltage - V 


LOW-LEVEL 
OUTPUT 
VOLTAGE 
vs 
COMMON-MODE 
INPUT 
VOLTAGE 


VOO=10V 
IOL=5mA 


TA = 25°C 


VIO=-l00mV 


VIO=-l 
V 


VID =-2.5 
V 


250 o 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
VIC - Common-Mode 
Input Voltage - V 


LOW-LEVEL 
OUTPUT 
VOLTAGE 
vs 
FREE-AIR 
TEMPERATURE 


IOL=5 
mA 
VIO=-l 
V 
VIC = 0.5 V 


o 
-75 
-50 
-25 
0 
25 
50 
75 
100 
125 
TA - Free-Air Temperature - °C 
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LOW-LEVEL OUTPUT VOLTAGE 
vs 
LOW-LEVEL OUTPUT CURRENT 


1.0 


0.9 
VIO=-l 
V 
> 
VtC=0.5V 


I 
0.8 
TA = 25°C 
•• 
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See Note A 
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IOl - low-level 
Output Current - mA 


NOTE A: The 3-V curve only applies to the eversion. 


Figure 18 


LARGE-SIGNAL 
DIFFERENTIAL 
VOLTAGE AMPLIFICATION 
vs 
SUPPLY VOLTAGE 
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LOW-LEVEL OUTPUT VOLTAGE 
vs 
LOW-LEVEL OUTPUT CURRENT 
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Figure 19 


LARGE-SIGNAL 
DIFFERENTIAL 
VOLTAGE AMPLIFICATION 
vs 
FREE-AIR TEMPERATURE 
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INPUT 
BIAS 
CURRENT 
AND 
INPUT 
OFFSET 
CURREN1 


vs 
FREE-AIR 
TEMPERATURE 
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NOTE A: The typical values of input bias current and input 
offset current below 5 pA were determined 
mathematically. 
Figure 22 


SUPPLY 
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COMMON-MODE 
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Figure 23 


SUPPLY 
CURRENT 
vs 
FREE-AIR 
TEMPERATURE 
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Figure 25 
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SLEW RATE 
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Figure 27 
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NORMALIZED SLEW RATE 
vs 
FREE-AIR TEMPERATURE 
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UNITY-GAIN BANDWIDTH 
vs 
FREE-AIR TEMPERATURE 


UNITY-GAIN BANDWIDTH 
vs 
SUPPLY VOLTAGE 
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See Figure 3 
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See Figure 3 
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Figure 31 


LARGE-SIGNAL 
DIFFERENTIAL 
VOLTAGE 
AMPLIFICATION 
AND PHASE SHIFT 
vs 
FREQUENCY 
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LARGE-SIGNAL 
DIFFERENTIAL 
VOLTAGE 
AMPLIFICATION 
AND PHASE SHIFT 
vs 
FREQUENCY 
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PHASE MARGIN 
vs 
SUPPLY VOLTAGE 
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PHASE 
MARGIN 
vs 
CAPACITIVE 
LOAD 
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EQUIVALENT 
INPUT 
NOISE 
VOLTAGE 
vs 
FREQUENCY 
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single-supply 
operation 


While the TLC272 
and TLC277 
perform 
well using dual power supplies 
(also called balanced 
or split supplies), 


the design 
is optimized 
for single-supply 
operation. 
This design includes 
an input common-mode 
voltage 
range 
that encompasses 
ground 
as well as an output 
voltage 
range that pulls down to ground. 
The supply 
voltage 
range extends 
down to 3 V (C-suffix 
types), 
thus allowing 
operation 
with supply 
levels commonly 
available 
for 
TTL and HCMOS; 
however, 
for maximum 
dynamic 
range, 
16-V single-supply 
operation 
is recommended. 


Many single-supply 
applications 
require that a voltage 
be applied to one input to establish 
a reference 
level that 
is above ground. 
A resistive 
voltage 
divider 
is usually sufficient 
to establish 
this reference 
level (see Figure 38). 


The low input bias current of the TLC272 
and TLC277 
permits the use of very large resistive values to implement 
the voltage 
divider, thus minimizing 
power 
consumption. 


The TLC272 
and TLC277 
work well in conjunction 
with digital logic; however, 
when powering 
both linear devices 
and digital 
logic from the same power supply, the following 
precautions 
are recommended: 


1. 
Power 
the linear devices 
from separate 
bypassed 
supply 
lines (see Figure 
39); otherwise, 
the linear 
device 
supply 
rails can fluctuate 
due to voltage 
drops caused 
by high switching 
currents 
in the digital 
logic. 


2. 
Use proper 
bypass 
techniques 
to reduce 
the probability 
of noise-induced 
errors. 
Single 
capacitive 
decoupling 
is often adequate; 
however, 
high-frequency 
applications 
may require 
RC decoupling. 


YDD 


(b) SEPARATE 
BYPASSED 
SUPPLY RAILS (preferred) 


Figure 39. Common 
YS Separate Supply Rails 
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input characteristics 


The TLC272 
and TLC277 
are specified 
with a minimum 
and a maximum 
input voltage that, if exceeded 
at either 
input, could cause the device 
to malfunction. 
Exceeding 
this specified 
range is a common 
problem, 
especially 


in single-supply 
operation. 
Note that the lower range limit includes 
the negative 
rail, while the upper range limit 
is specified 
at Voo 
-1 
Vat 
TA = 25°C and at Voo 
-1.5 
V at all other temperatures. 


The use of the polysilicon-gate 
process 
and the careful 
input circuit design gives the TLC272 
and TLC277 
very 
good input offset voltage 
drift characteristics 
relative to conventional 
metal-gate 
processes. 
Offset voltage 
drift 
in CMOS 
devices 
is highly 
influenced 
by threshold 
voltage 
shifts 
caused 
by polarization 
of the phosphorus 
dopant 
implanted 
in the oxide. 
Placing 
the phosphorus 
dopant 
in a conductor 
(such 
as a polysilicon 
gate) 
alleviates 
the polarization 
problem, 
thus reducing 
threshold 
voltage 
shifts by more than an order of magnitude. 


The offset voltage 
drift with time has been calculated 
to be typically 
0.1 I!V/month, 
including 
the first month 
of 
operation. 


Because 
of the extremely 
high input impedance 
and resulting 
low bias current 
requirements, 
the TLC272 
and 
TLC277 
are well suited for low-level 
signal processing; 
however, 
leakage 
currents 
on printed-circuit 
boards and 
sockets 
can easily exceed 
bias current 
requirements 
and cause a degradation 
in device performance. 
It is good 
practice 
to include 
guard 
rings 
around 
inputs 
(similar 
to those 
of Figure 
4 in the 
Parameter 
Measurement 
Information 
section). 
These 
guards 
should 
be driven 
from a low-impedance 
source 
at the same voltage 
level 
as the common-mode 
input (see Figure 40). 


Unused 
amplifiers 
should 
be connected 
as grounded 
unity-gain 
followers 
to avoid possible 
oscillation. 


noise performance 


The noise specifications 
in operational 
amplifier 
circuits 
are greatly 
dependent 
on the current 
in the first-stage 
differential 
amplifier. 
The low input bias current 
requirements 
of the TLC272 
and TLC277 
result in a very low 
noise current, 
which 
is insignificant 
in most applications. 
This feature 
makes the devices 
especially 
favorable 
over bipolar 
devices 
when using values 
of circuit 
impedance 
greater 
than 50 kQ, since bipolar 
devices 
exhibit 
greater 
noise currents. 


output characteristics 


The output stage of the TLC272 
and TLC277 
is designed 
to sink and source 
relatively 
high amounts 
of current 
(see typical characteristics). 
If the output is subjected 
to a short-circuit 
condition, 
this high current capability 
can 
cause device 
damage 
under certain 
conditions. 
Output 
current 
capability 
increases 
with supply 
voltage. 


All operating 
characteristics 
of the TLC272 
and TLC277 
are measured 
using a 20-pF 
load. The devices 
can 
drive 
higher 
capacitive 
loads; 
however, 
as output 
load capacitance 
increases, 
the resulting 
response 
pole 
occurs 
at lower frequencies, 
thereby 
causing 
ringing, 
peaking, 
or even oscillation 
(see Figure 
41). 
In many 
cases, 
adding 
a small amount 
of resistance 
in series with the load capacitance 
alleviates 
the problem. 
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TA = 25°C 
f = 1 kHz 
VIPP= 1 V 


Figure 41. Effect of Capacitive Loads and Test Circuit 


Although 
the TLC272 
and TLC277 
possess 
excellent 
high-level 
output voltage 
and current 
capability, 
methods 
for boosting 
this capability 
are available, 
if needed. 
The simplest 
method 
involves 
the use of a pullup 
resistor 
(Rp) connected 
from the output to the positive 
supply 
rail (see Figure 42). There are two disadvantages 
to the 
use of this circuit. 
First, the NMOS pulldown 
transistor 
N4 (see equivalent 
schematic) 
must sink a comparatively 
large 
amount 
of current. 
In this 
circuit, 
N4 behaves 
like a linear 
resistor 
with 
an on resistance 
between 
approximately 
60 nand 
180 n, depending 
on how hard the operational 
amplifier 
input is driven. 
With very low 
values 
of Rp, a voltage 
offset from 0 V at the output 
occurs. 
Second, 
pull up resistor 
Rp acts as a drain load to 
N4 and the gain of the operational 
amplifier 
is reduced 
at output voltage 
levels where 
N5 is not supplying 
the 
output 
current. 
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output characteristics 
(continued) 


Voo 


Ip = Pullup current required 
by 
the operational 
amplifier 
(typically 
500 lJA) 


Operational 
amplifier 
circuits 
almost 
always 
employ 
feedback, 
and since feedback 
is the first prerequisite 
for 
oscillation, 
some 
caution 
is appropriate. 
Most 
oscillation 
problems 
result 
from 
driving 
capacitive 
loads 


(discussed 
previously) 
and ignoring 
stray input capacitance. 
A small-value 
capacitor 
connected 
in parallel 
with 


the feedback 
resistor 
is an effective 
remedy 
(see Figure 43). The value of this capacitor 
is optimized 
empirically. 


electrostatic 
discharge 
protection 


The TLC272 
and TLC277 
incorporate 
an internal 
electrostatic 
discharge 
(ESD) protection 
circuit that prevents 
functional 
failures 
at voltages 
up to 2000 V as tested 
under 
MIL-STD-883C, 
Method 
3015.2. 
Care should 
be 
exercised, 
however, 
when 
handling 
these 
devices 
as exposure 
to ESD may result 
in the degradation 
of the 
device 
parametric 
performance. 
The protection 
circuit 
also causes 
the input bias currents 
to be temperature 
dependent 
and have the characteristics 
of a reverse-biased 
diode. 


Because 
CMOS 
devices 
are susceptible 
to latch-up 
due to their inherent 
parasitic 
thyristors, 
the TLC272 
and 
TLC277 
inputs and outputs 
were designed 
to withstand 
-1 OO-mA surge currents 
without 
sustaining 
latch-up; 
however, 
techniques 
should 
be used to reduce 
the chance 
of latch-up 
whenever 
possible. 
Internal 
protection 
diodes should 
not, by design, 
be forward 
biased. Applied 
input and output voltage 
should not exceed the supply 
voltage 
by more than 300 mV. Care should 
be exercised 
when using capacitive 
coupling 
on pulse generators. 


Supply 
transients 
should 
be shunted 
by the use of decoupling 
capacitors 
(0.1 IJ-Ftypical) 
located 
across 
the 
supply 
rails as close to the device 
as possible. 


The current 
path established 
if latch-up 
occurs 
is usually 
between 
the positive 
supply 
rail and ground 
and can 
be triggered 
by surges 
on the supply 
lines and/or voltages 
on either the output or inputs that exceed 
the supply 


voltage. 
Once 
latch-up 
occurs, 
the current 
flow is limited 
only by the impedance 
of the power 
supply 
and the 
forward 
resistance 
of the parasitic 
thyristor 
and usually 
results 
in the destruction 
of the device. 
The chance 
of 
latch-up 
occurring 
increases 
with increasing 
temperature 
and supply 
voltages. 
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O.01611F 
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VI 
(see Note A) 
100 kQ 
0.47 ~F 


1 kQ 
TIP31 
15Q 


TIS193 
250 ~F. 
+ 


-=- 
25V 1- 


Vo 


10 kQ 
(see Note B) 


47kQ 


NOTES: 
A. 
VI = 3.5 to 15 V 
B. 
Va = 2 V, 0 to 1 A 


Vo (see Note A) 
Sl.f 


Vo (see Note B) 
/'V 


'0 = 4C;R2) [=~] 


NOTES: 
A. 
VO(PP) = 8 V 
B. 
VO(PP) = 4 V 


Figure 47. Single-Supply 
Function 
Generator 
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R1,10 kQ 
10 kQ 
95 kQ 
(see Note A) 


R 
R 
Vo 
10MQ 
10MQ 


VI 


2C 
-=- 


540 pF 


R/2 
-=- 
fNOTCH 
= _1_ 
21'1RC 
5MQ 


C 
C 
270 pF 
270 pF 


Figure 49. Single-Supply 
Twin-T Notch Filter 
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• 
Input Offset Voltage Drift ... 
Typically 
0.1 ~VlMonth, Including 
the First 30 Days 


• 
Wide Range of Supply Voltages Over 
Specified Temperature Range: 
O°Cto 70°C 
3 V to 16 V 
-40°C to 85°C 
4 V to 16 V 
-55°C to 125°C 
5 Vto 16 V 


• 
Single-Supply 
Operation 
• 
Common-Mode 
Input Voltage Range 
Extends Below the Negative Rail (C-Suffix 
and I-Suffix Types) 


TLC27L1,TLC27L1A,TLC27L18 
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• 
Low Noise ... 
68 nVlVHZ Typically at 
f = 1 kHz 


• 
Output Voltage Range includes 
Negative 
Rail 


• 
High Input Impedance ... 
1012n Typ 


• 
ESD-Protection 
Circuitry 
• 
Small-Outline 
Package Option Also 
Available in Tape and Reel 


• 
Designed-In Latch-Up Immunity 


description 


The TLC27L 1 operational 
amplifier 
combines 
a wide range of input offset-voltage 
grades with low offset-voltage 
drift and high input impedance. 
In addition, 
the TLC27L 1 is a low-bias 
version 
of the TLC271 
programmable 
amplifier. 
These 
devices 
use the 
Texas 
Instruments 
silicon-gate 
LinCMOSTM technology, 
which 
provides 
offset-voltage 
stability 
far exceeding 
the stability 
available 
with conventional 
metal-gate 
processes. 


Three 
offset-voltage 
grades 
are available 
(C-suffix 
and I-suffix types), 
ranging 
from the low-cost 
TLC27L 1 (10 
mV) to the TLC27L 1B (2 mV) low-offset 
version. 
The extremely 
high input impedance 
and low bias currents, 
in conjunction 
with good common-mode 
rejection 
and supply 
voltage 
rejection, 
make 
these 
devices 
a good 
choice 
for new state-of-the-art 
designs 
as well as for upgrading 
existing 
designs. 


In general, 
many features 
associated 
with bipolar technology 
are available 
in LinCMOSTM operational 
amplifiers, 
without 
the power penalties 
of bipolar technology. 
General 
applications 
such as transducer 
interfacing, 
analog 
calculations, 
amplifier 
blocks, active filters, and signal buffering 
are all easily designed 
with the TLC27L 1. The 
devices 
also 
exhibit 
low-voltage 
single-supply 
operation, 
making 
them 
ideally 
suited 
for 
remote 
and 
inaccessible 
battery-powered 
applications. 
The common-mode 
input-voltage 
range includes 
the negative 
rail. 


The device 
inputs and output are designed 
to withstand 
-1 OO-mA surge currents 
without 
sustaining 
latch-up. 


The TLC27L 1 incorporates 
internal 
electrostatic-discharge 
(ESD) 
protection 
circuits 
that prevent 
functional 
failures 
at voltages 
up to 2000 V as tested 
under 
MIL-STD-883C, 
Method 
3015.2; 
however, 
care should 
be 
exercised 
in handling 
these devices 
as exposure 
to ESD may result in the degradation 
of the device 
parametric 
performance. 


PACKAGE 


TA 
Vlomax 
SMALL 
PLASTIC 
AT 25°C 
OUTLINE 
DIP 
(D) 
(P) 


2mV 
TLC27L1BCD 
TLC27L1BCP 
O°C to 70°C 
5mV 
TLC27L1ACD 
TLC27l1ACP 
10mV 
TLC27L1CD 
TLC27l1CP 


2mV 
TLC27L1BID 
TLC27L1BIP 
-40°C 
to 85°C 
5mV 
TLC27L1AID 
TLC27L1AIP 
10mV 
TLC27L11D 
TLC27L11P 


-55°C 
to 125°C 
10mV 
TLC27L1MD 
TLC27L1MP 


The D package is available taped and reeled. Add R suffix to the device type 
(e.g., TLC27L 1BCDR). 


PRODUCTION 
DATA Information 
is current 
as of publication 
date. 


Products 
conform 
to specificaUons 
per the terms 
of Texas 
Instruments 
standard warranty. Production processing does not necessarily Include 
testing 
of all parameters. 
~TEXAS 
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o OR P PACKAGE 
(TOP VIEW) 


OFFSET 
N1 
[]8 
VDD 
IN - 
2 
7 
VDD 
IN + 
3 
6 
OUT 


GND 
4 
5 
OFFSET 
N2 
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The C-suffix devices are characterized for operation from O°Cto 70°C. The I-suffix devices are characterized 
for operation from -40°C 
to 85°C. The M-suffix devices are characterized for operation over the full military 
temperature range of - 55°C to 125°C. 
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absolute maximum ratings over operating free-air temperature (unless otherwise noted)t 


Supply 
voltage, 
VDD (see Note 1) 
8 V 
Differential 
input voltage, 
VID (see Note 2) 
±VDD 
Input voltage 
range, VI (any input) 
- 0.3 V to VDD 
Input current, 
I, 
±5 mA 
Output 
current, 
10 
±30 
mA 
Duration 
of short-circuit 
current 
at (or below) 
25°C (see Note 3) 
Unlimited 
Continuous 
total power 
dissipation 
See Dissipation 
Rating Table 
Operating 
free-air 
temperature, 
TA C suffix 
O°C to 70°C 
I suffix 
- 40°C to 85°C 
M suffix 
- 55°C to 125°C 
Storage 
temperature 
range, Tstg 
- 65°C to 150°C 
Case temperature 
for 60 seconds, 
Tc: FK package 
260°C 
Lead temperature 
1,6 mm (1/16 inch) from case for 10 seconds: 
D or P package 
260°C 


t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional 
operation of the device at these or any other conditions 
beyond those indicated under "recommended 
operating conditions" 
is not 
implied. Exposure to absolute-maximum-rated 
conditions for extended periods may affect device reliability. 
NOTES: 
1. 
All voltage values, except differential voltages, are with respect to network ground. 


2. 
Differential voltages are at IN+ with respect to IN-. 
3. 
The output may be shorted to either supply. Temperature 
and/or supply voltages must be limited to ensure that the maximum 
dissipation rating is not exceeded (see application section). 


DISSIPATION 
RATING TABLE 


PACKAGE 
TA" 
25°C 
DERATING FACTOR 
TA = 70°C 
TA = 85°C 
TA=125°C 
POWER RATING 
ABOVE TA = 25°C 
POWER RATING 
POWER RATING 
POWER RATING 


D 
725mW 
5.8mW/oC 
464mW 
377mW 
145mW 
p 
1000mW 
8.0mW/oC 
640mW 
520mW 
200mW 


CSUFFIX 
I SUFFIX 
M SUFFIX 
UNIT 
MIN 
MAX 
MIN 
MAX 
MIN 
MAX 


Supply voltage. VDD 
3 
16 
4 
16 
5 
16 
V 
IVDD =5 V 
-0.2 
3.5 
-0.2 
3.5 
0 
3.5 
Common-mode 
input voltage, VIC 
IVDD= 
10V 
V 
-0.2 
8.5 
-0.2 
8.5 
0 
8.5 


Operating free-air temperature, 
TA 
0 
70 
-40 
85 
-55 
125 
°C 
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TLC27L1C,TLC27L1AC,TLC27L1BC 
TEST 
TAt 
VOO=5V 
VOO=10V 
UNIT 
PARAMETER 
CONOITIONS 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


25°C 
1.1 
10 
1.1 
10 
TLC27L1C 
Full range 
12 
12 
VO=1.4V, 


25°C 
0.9 
5 
0.9 
5 
VIO 
Input offset voltage 
TLC27L1AC 
VIC =OV, 
mV 
RS=50n. 
Full range 
6.5 
6.5 
RI=1 
MQ 
25°C 
0.24 
2 
0.26 
2 
TLC27L1BC 
Full range 
3 
3 


Average temperature 
coefficient of 
25°C to 
1.1 
1 
/lV/oC 
CLVIO 
input offset voltage 
70°C 


VO=VOO/2, 
25°C 
0.1 
0.1 
110 
Input offset current (see Note 4) 
VIC=VOO/2 
70°C 
7 
300 
8 
300 
pA 


VO=VOO/2, 
25°C 
0.6 
0.7 
liB 
Input bias current (see Note 4) 
VIC= 
VOO/2 
70°C 
40 
600 
50 
600 
pA 


-0.2 
-0.3 
-0.2 
-0.3 
25°C 
to 
to 
to 
to 
V 


Common-mode 
input 
4 
4.2 
9 
9.2 
VICR 
voltage range (see Note 5) 
-0.2 
-0.2 


Full range 
to 
to 
V 
3.5 
8.5 


25°C 
3.2 
4.1 
8 
8.9 


VOH 
High-level output voltage 
VIO= 
100mV, 
O°C 
3 
4.1 
7.8 
8.9 
V 
RL= 1 MQ 


70°C 
3 
4.2 
7.8 
8.9 


25°C 
0 
50 
0 
50 


VOL 
Low-level output voltage 
VIO=-100mV, 
O°C 
0 
50 
0 
50 
mV 
10L=0 
70°C 
0 
50 
0 
50 


25°C 
50 
520 
50 
870 


AVO 
Large-signal differential 
RL= 1 MQ, 
O°C 
50 
700 
50 
1030 
V/mV 
voltage amplification 
See Note 6 
70°C 
50 
380 
50 
660 


25°C 
65 
94 
65 
97 


CMRR 
Common-mode 
rejection ratio 
VIC = VICRmin 
O°C 
60 
95 
60 
97 
dB 


70°C 
60 
95 
60 
97 


25°C 
70 
97 
70 
97 


kSVR 
Suppiy-voltage 
rejection ratio 
VOO=5Vt010V, 
O°C 
60 
97 
60 
97 
dB 
(Ll.VOO/Ll.VIO) 
VO=1.4V 
70°C 
60 
98 
60 
98 


II(SEll 
Input cun·ent (BIAS SELECT) 
VI(SELl = VOO 
25°C 
65 
95 
nA 


VO=VOO/2, 
25°C 
10 
17 
14 
23 


100 
Supply current 
VIC =Voo/2, 
O°C 
12 
21 
18 
33 
JlA 
No load 
70°C 
8 
14 
11 
20 
t Full range is O°C to 70°C. 
NOTES: 
4. 
The typical values of input bias current and input offset current below 5 pA were determined 
mathematically. 


5. 
This range also applies to each input individually. 


6. 
At VOO = 5 V, Vo = 0.25 V to 2 V; at VOO = 10 V, Vo = 1 V to 6 V. 
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TLC27L 11,TLC27L1 AI, TLC27L 1BI 
TEST 
TAt 
VOO=5 
V 
VOO=10V 
UNIT 
PARAMETER 
CONOITIONS 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


25°C 
1.1 
10 
1.1 
10 
TLC27Lli 
Full range 
13 
13 
Vo = 1.4 V, 


25°C 
0.9 
5 
0.9 
5 
VIO 
Input offset voltage 
TLC27L1AI 
VIC =OV, 
mV 
RS = 50 n, 
Full range 
7 
7 
RL= 1 Mil 
25°C 
0.24 
2 
0.26 
2 
TLC27L1BI 
Full range 
3.5 
3.5 


Average temperature 
coefficient 
25°C to 
1.1 
1 
/lV/DC 
aVIO 
of input offset voltage 
85°C 


VO=VOO/2, 
25°C 
0.1 
0.1 
110 
Input offset current (see Note 4) 
VIC =VOO/2 
85°C 
24 
1000 
26 
1000 
pA 


VO=VOO/2, 
25°C 
0.6 
0.7 
liB 
Input bias current (see Note 4) 
VIC= 
VOO/2 
85°C 
200 
2000 
220 
2000 
pA 


-0.2 
-0.3 
-0.2 
-0.3 
25°C 
to 
to 
to 
to 
V 


Common-mode 
input 
4 
4.2 
9 
9.2 
VICR 
voltage range (see Note 5) 
-0.2 
-0.2 
Full range 
to 
to 
V 
3.5 
8.5 


25°C 
3 
4.1 
8 
8.9 


VOH 
High-level output voltage 
VIO= 
100 mY, 
-40°C 
3 
4.1 
7.8 
8.9 
V 
RL= 1 Mil 


85°C 
3 
4.2 
7.8 
8.9 


25°C 
0 
50 
0 
50 


VOL 
Low-level output voltage 
VID = -100 
mY, 
-40°C 
0 
50 
0 
50 
mV 
10L=0 
85°C 
0 
50 
0 
50 


25°C 
50 
520 
50 
870 


AVO 
Large-signal differential 
RL= 1 Mil 
-40°C 
50 
900 
50 
1550 
V/mV 
voltage amplification 
See Note 6 
85°C 
50 
330 
50 
585 


25°C 
65 
94 
65 
97 


CMRR 
Common-mode 
rejection ratio 
Vie = V'CRmin 
-40°C 
60 
95 
60 
97 
dB 


85°C 
60 
95 
60 
98 


25°C 
_ 
70 
97 
70 
97 


kSVR 
Supply-voltage 
rejection ratio 
VOO=5Vtol0V, 
-40°C 
60 
97 
60 
97 
dB 
(<1VOO/<1VIO) 
VO=l.4V 
85°C 
60 
98 
60 
98 


II(SELl 
Input current (BIAS SELECT) 
VICSEL) = VOO 
25°C 
65 
95 
nA 


VO=VOO/2, 
25°C 
10 
17 
14 
23 


100 
Supply current 
VIC=VOO/2, 
-40°C 
16 
27 
25 
43 
/lA 
No load 
85°C 
17 
13 
10 
18 


t Full range is -40 
to 85°C. 


NOTES: 
4. 
The typical values of input bias current and input offset current below 5 pA were determined mathematically. 
5. 
This range also applies to each input individually. 


6. 
At VOO = 5 V, Vo = 0.25 V to 2 V; at VOO = 10 V, Vo = 1 V to 6 V. 
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TLC27L1M 


PARAMETER 
TEST 
TAt 
VOO= 5V 
VOO=10V 
UNIT 
CONOITIONS 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


VO= 
1.4 V, 
25°C 
1.1 
10 
1.1 
10 


Via 
Input offset voltage 
VIC= 
OV, 


mV 
RS = 50 n. 
Full range 
12 
12 
RL= 1 Mfl 


Average temperature 
coefficient 
25°C to 
1.4 
1.4 
IlV/0C 
aVIO 
of input offset voltage 
125°C 


Va = VOO/2, 
25°C 
0.1 
0.1 
pA 
'10 
Input offset current (see Note 4) 


VIC=VOO/2 
125°C 
1.4 
15 
1.8 
15 
nA 


Va = VOO/2, 
25°C 
0.6 
0.7 
pA 


liB 
Input bias current (see Note 4) 


VIC=VOO/2 
125°C 
9 
35 
10 
35 
nA 


0 
-0.3 
0 
-0.3 
25°C 
to 
to 
to 
to 
V 


Common-mode 
input 
4 
4.2 
9 
9.2 
VICR 
voltage range (see Note 5) 
0 
0 
Full range 
to 
to 
V 
3.5 
B.5 


25°C 
3.2 
4.1 
8 
8.9 


VOH 
High-level output voltage 
VID= 
100 mV, 
-55°C 
3 
4.1 
7.8 
B.8 
V 
RL=l 
Mfl 


125°C 
3 
4.2 
7.8 
9 


25°C 
0 
50 
0 
50 


VOL 
Low-level output voltage 
VID=-100mV, 
-55°C 
0 
50 
0 
50 
mV 
10L=0 
125°C 
0 
50 
0 
50 


25°C 
50 
520 
50 
870 


AVO 
Large-signal 
differential 
RL= 1 Mfl, 
-55°C 
25 
1000 
25 
1775 
VlmV 
voltage amplification 
See Note 6 
125°C 
25 
200 
25 
380 


25°C 
65 
94 
65 
97 


CMRR 
Common-mode 
rejection ratio 
VIC = VICRmin 
-55°C 
60 
95 
60 
97 
dB 


125°C 
60 
85 
60 
91 


25°C 
70 
97 
70 
97 


kSVR 
Supply-voltage 
rejection ratio 
VOO=5Vto 
10V, 
-55°C 
60 
97 
60 
97 
dB 
(~VOO/~VIO) 
Va = 1.4 V 
125°C 
60 
98 
60 
98 


II(SELl 
Input current (BIAS SELECT) 
VI(SEL) = VOO 
25°C 
65 
95 
nA 


Va = VOO/2, 
25°C 
10 
17 
14 
23 


100 
Supply current 
VIC =Voo/2, 
-55°C 
17 
30 
28 
48 
/lA 
No load 
125°C 
7 
12 
9 
15 
t Full range is -55°C 
to 125°C. 


NOTES: 
4. 
The typical values of input bias current and input offset current below 5 pA were determined mathematically. 
5. 
This range also applies to each input individually. 
6. 
AtVOO 
= 5 V, Va = 0.25 Vt02 
V; atVOO = 10V, Va = 1 V to 6 V. 
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TLC27L1C, 


TEST CONDITIONS 
TA 
TLC27L1AC, 
UNIT 
PARAMETER 
TLC27L1BC 


MIN 
TYP 
MAX 


25°C 
0.03 


VI(PP) = 1 V 
OOG 
0.04 
RL= 
1 MQ, 
70°C 
0.03 
SR 
Slew rate at unity gain 
CL =20 pF, 
V/Jls 
See Figure 33 
25°C 
0.03 


VI(PP) = 2.5 V 
O°C 
0.03 


70°C 
0.02 


Vn 
Equivalent input noise voltage 
1= 1 kHz, 
RS = 20 Q, 
25°C 
68 
nV/'I'HZ 
See Figure 34 


25°C 
5 


BOM 
Maximum output-swing 
bandwidth 
VO=VOH, 
CL = 20 pF, 
O°C 
6 
kHz 
RL= 
1 MQ, 
See Figure 33 
70°C 
4.5 


25°C 
85 


B1 
Unity-gain bandwid1h 
VI = 10 mV, 
CL =20 
pF, 
OOG 
100 
kHz 
See Figure 35 
70°C 
65 


25°C 
34° 


4>m 
Phase margin 
VI=10mV, 
I=B1, 
O°C 
36° 
CL = 20 pF, 
See Figure 35 
70°C 
30° 


TLC27L1C, 


PARAMETER 
TEST CONDITIONS 
TA 
TLC27L1AC, 
UNIT 
TLC27L1BC 


MIN 
TYP 
MAX 


25°C 
0.05 


VI(PP) = 1 V 
O°C 
0.05 
RL = 1 MQ, 
70°C 
0.04 
SR 
Slew rate at unity gain 
CL = 20 pF, 
V/Jls 
See Figure 33 
25°C 
0.04 


VI(PP) = 5.5 V 
O°C 
0.05 


70°C 
0.04 


Vn 
Equivalent input noise voltage 
1= 1 kHz, 
RS = 20 Q, 


25°C 
68 
nV/'I'HZ 
See Figure 34 


25°C 
1 


BOM 
Maximum output-swing 
bandwidth 
VO=VOH, 
CL =20 
pF, 
O°C 
1.3 
kHz 
RL = 1 MQ, 
See Figure 33 
70°C 
0.9 


25°C 
110 


B1 
Unity-gain bandwidth 
VI= 
10mV, 
CL =20 pF, 
O°C 
125 
kHz 
See Figure 35 
70°C 
90 


25°C 
38° 


4>m 
Phase margin 
VI = 10 mV, 
I=B1, 
OOG 
40° 
CL = 20 pF, 
See Figure 35 
70°C 
34° 
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TLC27L11, 


PARAMETER 
TEST CONDITIONS 
TA 
TLC27L1AI, 


UNIT 
TLC27L1BI 


MIN 
TYP 
MAX 


25°C 
0.03 


VI(PP) = 1 V 
-40°C 
0.04 
RL= 
1 MQ, 
85°C 
0.03 
SR 
Slew rate at unity gain 
CL = 20 pF, 
V/IlS 
See Figure 33 
25°C 
0.03 


VI(PP) = 2.5 V 
-40°C 
0.04 


85°C 
0.02 


Vn 
Equivalent input noise voltage 
f = 1 kHz, 
RS=20Q, 
25°C 
68 
nV/VHz 
See Figu re 34 


25°C 
5 


BOM 
Maximum output-swing 
bandwidth 
VO=VOH, 
CL = 20 pF, 
-40°C 
7 
kHz 
RL = 1 MQ, 
See Figure 33 
85°C 
4 


25°C 
85 


B1 
Unity-gain bandwidth 
VI=10mV, 
CL = 20 pF, 
-40°C 
130 
MHz 
See Figure 35 
85°C 
55 


25°C 
34° 


<l>m 
Phase margin 
VI=10mV, 
I=B1, 
-40°C 
38° 
CL = 20 pF, 
See Figure 35 
85°C 
28° 


TLC27L1C, 


PARAMETER 
TEST CONDITIONS 
TA 
TLC27L1AC, 
UNIT 
TLC27L1BC 


MIN 
TYP 
MAX 


25°C 
0.05 


VI(PP) = 1 V 
-40°C 
0.06 
RL= 
1 MQ, 
85°C 
0.03 
SR 
Slew rate at unity gain 
CL = 20 pF, 
V/IlS 
See Figure 33 
25°C 
0.04 


VI(PP) = 5.5 V 
-40°C 
0.05 


85°C 
0.03 


Vn 
Equivalent input noise voltage 
1= 1 kHz, 
RS = 20Q, 
25°C 
68 
nV/VHz 
See Figure 34 


25°C 
1 


BOM 
Maximum output-swing 
bandwidth 
VO=VOH, 
CL = 20 pF, 
-40°C 
1.4 
kHz 
RL= 
1 MQ, 
See Figure 33 
85°C 
0.8 


25°C 
110 


B1 
Unity-gain bandwidth 
VI=10mV, 
CL = 20 pF, 
-40°C 
155 
MHz 
See Figure 35 
85°C 
80 


25°C 
38° 


<l>m 
Phase margin 
VI = 10 mV,1 
I=B1, 
-40°C 
42° 
CL = 20 pF, 
See Figure 35 
85°C 
32° 
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TLC27L1M 
PARAMETER 
TEST CONDITIONS 
TA 
UNIT 
MIN 
TYP 
MAX 


25°C 
0.03 


VI(PP) = 1 V 
-55°C 
0.04 
RL = 1 MQ, 
125°C 
0.02 
SR 
Slew rate at unity gain 
CL = 20 pF. 
V/~s 
See Figure 33 
25°C 
0.03 


VI(PP) = 2.5 V 
-55°C 
0.04 


125°C 
0.02 


Vn 
Equivalent input noise voltage 
1= 1 kHz. 
RS =20 O. 
25°C 
68 
nV/'I'HZ 
See Figure 34 


25°C 
5 


60M 
Maximum output-swing 
bandwidth 
VO=VOH. 
CL=20pF. 
-55°C 
8 
kHz 
RL= 1 MO, 
See Figure 33 
125°C 
3 


25°C 
85 


61 
Unity-gain bandwidth 
VI=10mV. 
CL = 20 pF. 
-55°C 
140 
kHz 
See Figure 35 
125°C 
45 


25°C 
34° 


<\>m 
Phase margin 
VI=10mV. 
1=61. 
-55°C 
39° 
CL = 20 pF. 
See Figure 35 
125°C 
, 25° 


TLC27l1M 
PARAMETER 
TEST CONDITIONS 
TA 
UNIT 
MIN 
TYP 
MAX 


25°C 
0.05 


VI(PP) = 1 V 
-55°C 
0.06 
RL= 
1 MO. 
125°C 
0.03 
SR 
Slew rate at unity gain 
CL = 20 pF. 
V/~s 
See Figure 33 
25°C 
0.04 


VI(PP) = 5.5 V 
-55°C 
0.06 


125°C 
0.03 


Vn 
Equivalent input noise voltage 
1= 1 kHz. 
RS = 20 O. 
25°C 
68 
nV/'I'HZ 
See Figure 34 


25°C 
1 


60M 
Maximum output-swing 
bandwidth 
VO=VOH. 
CL = 20 pF. 
-55°C 
1.5 
kHz 
RL= 
1 MO. 
See Figure 33 
125°C 
0.7 


25°C 
110 


61 
Unity-gain bandwidth 
VI=10mV. 
CL = 20 pF. 
-55°C 
165 
kHz 
See Figure 35 
125°C 
70 


25°C 
38° 


<\>m 
Phase margin 
VI=10mV. 
1=61. 
-55°C 
43° 
CL = 20 pF. 
See Figure 35 
125°C 
29° 


~TEXAS 
INSTRUMENTS 


TLC27L1,TLC27L1A,TLC27L1B 
LinCMOSTM LOW-POWER 
OPERATIONAL AMPLIFIERS 
SLOS154- 
DECEMBER 
1995 


FIGURE 


VIO 
Input offset voltage 
Distribution 
1,2 


aVIO 
Temperature coefficient 
Distribution 
3,4 


vs High-level output current 
5,6 
VOH 
High-level output voltage 
vs Supply voltage 
7 
vs Free-air temperature 
8 


vs Common-mode 
input voltage 
9,10 


VOL 
Low-level output voltage 
vs Differential input voltage 
11 
vs Free-air temperature 
12 
vs Low-level output current 
13,14 


vs Supply voltage 
15 
AVD 
Large-signal 
differential voltage amplification 
vs Free-air temperature 
16 
vs Frequency 
27,28 


liB 
Input bias current 
vs Free-air temperature 
17 


110 
Input offset current 
vs Free-air temperature 
17 


VI 
Maximum input voltage 
vs Supply voltage 
18 


IDD 
Supply current 
vs Supply voltage 
19 
vs Free-air temperature 
20 


SR 
Slew rate 
vs Supply voltage 
21 
vs Free-air temperature 
22 


Bias-select current 
vs Supply voltage 
23 


VO(PPl 
Maximum peak-to-peak 
output voltage 
vs Frequency 
24 


B1 
Unity-gain bandwidth 
vs Free-air temperature 
25 
vs Supply voltage 
26 


vs Supply voltage 
29 
<l>m 
Phase margin 
vs Free-air temperature 
30 
vs Capacitance 
load 
31 


Vn 
Equivalent input noise voltage 
vs Frequency 
32 


Phase shift 
vs Frequency 
27,28 
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INPUT 
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TEMPERATURE 
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Because 
the TLC27L 1 is optimized 
for single-supply 
operation, 
circuit configurations 
used for the various 
tests 
often 
present 
some 
inconvenience 
since the input signal, 
in many 
cases, 
must 
be offset 
from 
ground. 
This 
inconvenience 
can be avoided 
by testing 
the device with split supplies 
and the output 
load tied to the negative 
rail. A comparison 
of single-supply 
versus split-supply 
test circuits 
is shown below. The use of either circuit gives 
the same 
result. 


Voo- 


(b) SPLIT SUPPLY 


~TEXAS 
INSTRUMENTS 


TLC27L1,TLC27L1A,TLC27L18 
LinCMOSTM LOW-POWER 
OPERATIONAL AMPLIFIERS 
SLOS154- 
DECEMBER 
1995 


-=- 
VOO- 


(b) SPLIT SUPPLY 


input bias current 


Due to the high input impedance of the TLC27L 1 operational amplifiers, attempts to measure the input bias 
current can result in erroneous readings. The bias current at normal room ambient temperature is typically less 
than 1 pA, a value that is easily exceeded by leakages on the test socket. Two suggestions are offered to avoid 
erroneous measurements: 


1. 
Isolate the device from other potential leakage sources. Use a grounded shield around and between the 
device inputs (see Figure 36). Leakages that would otherwise flow to the inputs are shunted away. 


2. 
Compensate for the leakage of the test socket by actually performing an input bias-current test (using a 
picoammeter) with no device in the test socket. The actual input bias current can then be calculated by 
subtracting the open-socket leakage readings from the readings obtained with a device in the test socket. 


One word of caution: many automatic testers as well as some bench-top operational amplifier testers use the 
servo-loop technique with a resistor in series with the device input to measure the input bias current (the voltage 
drop across the series resistor is measured and the bias current is calculated). This method requires that a 
device be inserted into the test socket to obtain a correct reading; therefore, an open-socket reading is not 
feasible using this method. 
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low-level 
output voltage 


To obtain low-supply-voltage operation, some compromise is necessary in the input stage. This compromise 
results in the device low-level output being dependent on both the common-mode input voltage level as well 
as the differential input voltage level. When attempting to correlate low-level output readings with those quoted 
in the electrical specifications, these two conditions should be observed. When conditions other than these are 
to be used, please refer to the Typical Characteristics section of this data sheet. 


input offset-voltage 
temperature 
coefficient 


Erroneous readings often result from attempts to measure the temperature coefficient of input offset voltage. 
This parameter is actually a calculation using input offset-voltage measurements obtained at two different 
temperatures. When one (or both) of the temperatures is below freezing, moisture can collect on both the device 
and the test socket. This moisture results in leakage and contact resistance which can cause erroneous input 
offset-voltage readings. The isolation techniques previously mentioned have no effect on the leakage since the 
moisture also covers the isolation metal itself, thereby rendering it useless. It is suggested that these 
measurements be performed at temperatures above freezing to minimize error. 


fUll-power 
response 


Full-power response, the frequency above which the amplifier slew rate limits the output voltage swing, is often 
specified two ways: full-linear response and full-peak response. The full-linear response is generally measured 
by monitoring the distortion level of the output while increasing the frequency of a sinusoidal input signal until 
the maximum frequency is found above which the output contains significant distortion. The full-peak response 
is defined as the maximum output frequency, without regard to distortion, above which full peak-to-peak output 
swing cannot be maintained. 


Since there is no industry-wide accepted value for significant distortion, the full-peak response is specified in 
this data sheet and is measured using the circuit in Figure 33. The initial setup involves the use of a sinusoidal 
input to determine the maximum peak-to-peak output of the device (the amplitude of the sinusoidal wave is 
increased until clipping occurs). The sinusoidal wave is then replaced with a square wave of the same 
amplitude. The frequency isthen increased until the maximum peak-to-peak output can no longer be maintained 
(Figure 37). A square wave allows a more accurate determination of the point at which the maximum 
peak-to-peak output is reached. 
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test time 


Inadequate test time is a frequent problem, especially when testing CMOS devices in a high-volume, 
short-test-time environment. Internal capacitances are inherently higher in CMOS than in bipolar and BiFET 
devices, and require longer test times than their bipolar and BiFET counterparts. The problem becomes more 
pronounced with reduced supply levels and lower temperatures. 


single-supply 
operation 


While the TLC27L 1 performs well using dual 
power supplies (also called balanced or split 
supplies), 
the 
design 
is 
optimized 
for 
single-supply operation. This includes an input 
common-mode voltage range that encompasses 
ground as well as an output voltage range that 
pulls down to ground. The supply voltage range 
extends down to 3 V (C-suffix types), thus allowing 
operation with supply levels commonly available 
for TTL 
and HCMOS; however, for maximum 
dynamic rang~, 16-V single-supply operation is 
recommended. 


R3 
vref = VOOR1 + R3 


R4 
Vo = (Vref - 
V1)R2 + vref 


Figure 
38. Inverting 
Amplifier 
With Voltage 
Reference 
Many single-supply applications require that a 
voltage be applied to one input to establish a 
reference level that is above ground. A resistive voltage divider is usually sufficient to establish this reference 
level (see Figure 38). The low-input bias-current consumption of the TLC27L 1 permits the use of very large 
resistive values to implement the voltage divider, thus minimizing power consumption. 


The TLC27L 1works well in conjunction with digital logic; however, when powering both linear devices and digital 
logic from the same power supply, the following precautions are recommended: 


1. 
Power the linear devices from separate bypassed supply lines (see Figure 39); otherwise, the linear device 
supply rails can fluctuate due to voltage drops caused by high switching currents in the digital logic. 


2. 
Use proper bypass techniques to reduce the probability of noise-induced errors. Single capacitive 
decoupling is often adequate; however, RC decoupling may be necessary in high-frequency applications. 
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(b) SEPARATE 
BYPASSED 
SUPPLY RAILS (preferred) 


Figure 39. Common Versus Separate Supply Rails 


input offset 
voltage 
nulling 


The TLC27L 1 offers external input-offset null control. Nulling of the input-offset voltage may be achieved by 
adjusting a 25-kil potentiometer connected between the offset null terminals with the wiper connected as shown 
in Figure 40. Total nulling may not be possible. 


input characteristics 


The TLC27L 1 is specified with a minimum and a maximum input voltage that, if exceeded at either input, could 
cause the device to malfunction. Exceeding this specified range is a common problem, especially in 
single-supply operation. Note that the lower range limit includes the negative rail, while the upper range limit 
is specified at Voo - 1 Vat TA = 25°C and at Voo - 1.5 Vat all other temperatures. 
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input characteristics 
(continued) 


The use of the polysilicon-gate process and the careful input circuit design gives the TLC27L 1 very good input 
offset-voltage drift characteristics relative to conventional metal-gate processes. Offset-voltage drift in CMOS 
devices is highly influenced by threshold voltage shifts caused by polarization of the phosphorus dopant 
implanted in the oxide. Placing the phosphorus dopant in a conductor (such as a polysilicon gate) alleviates the 
polarization problem, thus reducing threshold voltage shifts by more than an order of magnitude. The 
offset-voltage drift with time has been calculated to be typically 0.1 !lV/month, including the first month of 
operation. 


Because of the extremely high input impedance and resulting low bias-current requirements, the TLC27L 1 is 
well suited for low-level signal processing; however, leakage currents on printed circuit boards and sockets can 
easily exceed bias-current requirements and cause a degradation in device performance. It is good practice 
to include guard rings around inputs (similar to those of Figure 36 in the Parameter Measurement Information 
section). These guards should be driven from a low-impedance source at the same voltage level as the 
common-mode input (see Figure 41). 


noise performance 


The noise specifications in operational amplifier circuits are greatly dependent on the current in the first-stage 
differential amplifier. The low-input bias-current requirements of the TLC27L 1 results in a very-low noise current, 
which is insignificant in most applications. This feature makes the devices especially favorable over bipolar 
devices when using values of circuit impedance greater than 50 kil, since bipolar devices exhibit greater noise 
currents. 


(b) INVERTING 
AMPLIFIER 


Figure 
41. Guard-Ring 
Schemes 
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Operational 
amplifier 
circuits 
almost 
always 
employ feedback, and since feedback is the first 
prerequisite 
for oscillation, 
a little caution 
is 
appropriate. Most oscillation problems result from 
driving capacitive loads and ignoring stray input 
capacitance. A small-value capacitor connected 
in parallel with the feedback resistor is an effective 
remedy 
(see 
Figure 42). 
The value 
of this 
capacitor is optimized empirically. 
Figure 42. Compensation for Input 
Capacitance 


electrostatic 
discharge 
protection 


The TLC27L 1 incorporates an internal ESD protection circuit that prevents functional failures at voltages up to 
2000 V as tested under MIL-STD-883C, Method 3015.2. Care should be exercised, however, when handling 
these devices as exposure to ESD may result in the degradation of the device parametric performance. The 
protection circuit also causes the input bias currents to be temperature dependent and have the characteristics 
of a reverse-biased diode. 


Because CMOS devices are susceptible to latch-up due to their inherent parasitic thyristors, the TLC27L 1inputs 
and output were designed to withstand -100-mA 
surge currents without sustaining latch-up; however, 


techniques should be used to reduce the chance of latch-up whenever possible. Internal protection diodes 
should not by design be forward biased. Applied input and output voltage should not exceed the supply voltage 
by more than 300 mY. Care should be exercised when using capacitive coupling on pulse generators. Supply 
transients should be shunted by the use of decoupling capacitors (0.1 JlFtypical) located across the supply rails 
as close to the device as possible. 


The current path established when latch-up occurs is usually between the positive supply rail and ground and 
can be triggered by surges on the supply lines and/or voltages on either the output or inputs that exceed the 
supply voltage. Once latch-up occurs, the current flow is limited only by the impedance of the power supply and 
the forward resistance of the parasitic thyristor and usually results in the destruction of the device. The chance 
of latch-up occurring increases with increasing temperature and supply voltages. 


"!!1 TEXAS 
INSTRUMENTS 


TLC27L1,TLC27L1A,TLC27L18 
LinCMOSTM LOW-POWER 
OPERATIONAL AMPLIFIERS 
SLOS154 
- DECEMBER 
1995 


The output stage of the TLC27L 1 is designed to 
sink and source relatively high amounts of current 
(see Typical Characteristics). 
If the output is 
subjected to a short-circuit condition, this high 
current 
capability 
can cause device damage 
under certain conditions. Output current capability 
increases with supply voltage (see Figure 43). 


All operating characteristics of the TLC27L 1 were 
measured using a 20-pF load. The devices drive 
higher capacitive loads; however, as output load 
capacitance 
increases, the resulting response 
pole occurs at lower frequencies, thereby causing 
ringing, peaking, or even oscillation (see Figure 
44). In many cases, adding some compensation 
in the form of a series resistor in the feedback loop 
alleviates the problem. 


Figure 43. Test Circuit for Output 
Characteristics 


Figure 44. Effect of Capacitive Loads in Low-Bias Mode 


Although the TLC27L 1 possesses excellent high-level output voltage and current capability, methods are 
available for boosting this capability, if needed. The simplest method involves the use of a pullup resistor (Rp) 
connected from the output to the positive supply rail (see Figure 45). There are two disadvantages to the use 
of this circuit. First, the NMOS pulldown transistor, N4 (see equivalent schematic) must sink a comparatively 
large amount of current. In this circuit, N4 behaves like a linear resistor with an on-resistance between 
approximately 60 Q and 180 Q, depending on how hard the operational amplifier input is driven. With very low 
values of Rp, a voltage offset from 0 V at the output occurs. Secondly, pullup resistor Rp acts as a drain load 
to N4 and the gain of the operational amplifier is reduced at output voltage levels where N5 is not supplying the 
output current. 
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voo-vo 
R 
----- 
P - 
IF + IL + Ip 


Ip = Pullup current required 
by the operational 
amplifier 
(typically 
500 mAl 
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Vo (see Note A) 
SLf 


NOTES: 
A. 
VO(PP) = 8 V 
B. 
VO(PP) = 4 V 


Figure 47. Single-Supply 
Function 
Generator 


Voo 


51 
C 
X1 
B 
A 
TLC4066 


52 
C 
X2 
Analog 
B 
2 
A 
2 
Switch 


/'V 


FO = 4C;R2) [=~] 
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• 
Trimmed 
Offset 
Voltage: 


TLC27L7 
... 
500!lV 
Max at 25°C, 


VDD =5 
V 


• 
Input 
Offset 
Voltage 
Drift 
... 
Typically 
0.1 !lV/Month, 
including 
the 
First 
30 Days 


• 
Wide 
Range 
of Supply 
Voltages 
Over 
Specified 
Temperature 
Range: 
O°C to 70°C 
3 V to 16 V 
-40°C 
to 85°C 
4 V to 16 V 
-55°C 
to 125°C 
4 V to 16 V 


• 
Single-Supply 
Operation 


• 
Common-Mode 
Input 
Voltage 
Range 
Extends 
Below 
the Negative 
Rail (C-Suffix, 


I-Suffix 
Types) 


• 
Ultra-Low 
Power 
... 
Typically 
95 !lW 
at 25°C, VDD = 5 V 


• 
Output 
Voltage 
Range 
includes 
Negative 
Rail 


• 
High 
Input 
Impedance 
... 
1012 n Typ 


• 
ESD-Protection 
Circuitry 


• 
Small-Outline 
Package 
Option 
Also 
Available 
in Tape and 
Reel 


• 
Designed-In 
Latch-Up 
immunity 


description 


The TLC27L2 and TLC27L7 dual operational 
amplifiers combine a wide range of input offset 
voltage grades with low offset voltage drift, high 
input impedance, extremely low power, and high 
gain. 


PACKAGE 


TA 
VIOmax 
SMALL 
CHIP 
CERAMIC 
PLASTIC 
AT2S·C 
OUTLINE 
CARRIER 
DIP 
DIP 
(D) 
(FK) 
(JG) 
(P) 


O·C 
500 ~V 
TLC27L7CD 
TLC27L7CP 


to 
2mV 
TLC27L2BCD 
TLC27L2BCP 
TLC27L2ACD 
- 
- 
70·C 
SmV 
TLC27L2ACP 
10mV 
TLC27L2CD 
TLC27L2CP 


-40·C 
SOO~V 
TLC27L71D 
TLC27L71P 


to 
2mV 
TLC27L2BID 
TLC27L2BIP 
TLC27L2AID 
- 
- 
8S·C 
SmV 
TLC27L2AIP 
10mV 
TLC27L2ID 
TLC27L21P 


-SS·C 
SOO~V 
TLC27L7MD 
TLC27L7MFK 
TLC27L7MJG 
TLC27L7MP 
to 
10mV 
TLC27L2MD 
TLC27L2MFK 
TLC27L2MJG 
TLC27L2MP 
12S·C 


The D package is availabletaped and reeled.Add R suffix to the devicetype 
(e.g..TLC27L7CDR). 


PRODUCTION 
DATA 
information 
Is current 
as of 
publication 
date. 


ProdUCU 
conform 
to specifications 
per the lenns 
of Texas 
Instruments 
standard 
warranty. 
Production 
processing 
does 
not necessarily 
Include 


testing 
of all parameters. 
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D, JG, OR P PACKAGE 
(TOP VIEW) 


10UT[]8 
VDD 
11N- 
2 
7 20UT 
11N+ 
3 
6 
21N- 
GND 
4 
5 
21N+ 


FKPACKAGE 
(TOPVIEW) 
~:J 
0 
00000 
Z ~ Z> 
Z 


NC 
11N- 
NC 


11N+ 
NC 


3 
2 
1 20 19 
4 
18 


5 
17 


6 
16 
7 
15 


8 
14 
9 1011 1213 


NC20UT 


NC 
21N- 
NC 


° 
0O 
+ ° 
Z ZZZ 
Z 
C} 
(\j 


NC- No internalconnection 


DISTRIBUTION OF TLC27L7 
INPUT OFFSET VOLTAGE 
30 
335 Units Tested From 2 Wafer Lots 
VDD =5 V 
25 
TA = 25°C 
ti- 
P Package 
I 
~ 20 
c: 
:;) 
'0 
15 
••'"S 
c: 
•• 
10 
~ 
•• 
D.. 


5 


0 
-800 
-400 
0 
400 
800 
VIO-Input 
Offset Voltage -IlV 


TLC27L2,TLC27L2A, 
TLC27L28,TLC27L7 
LinCMOSTMPRECISION DUAL OPERATIONAL AMPLIFIERS 


description 
(continued) 


These devices use Texas Instruments silicon-gate LinCMOSn, technology, which provides offset voltage 
stability far exceeding the stability available with conventional metal-gate processes. 


The extremely high input impedance, low bias currents, and low power consumption make these cost-effective 
devices ideal for high gain, low frequency, low power applications. Four offset voltage grades are available 
(C-suffix and I-suffix types), ranging from the low-cost TLC27L2 (10 mV) to the high-precision TLC27L7 
(500 llV). These advantages, in combination with good common-mode rejection and supply voltage rejection, 
make these devices a good choice for new state-of-the-art designs as well as for upgrading existing designs. 


In general, many features associated with bipolar technology are available in LinCMOSTMoperational amplifiers, 
without the power penalties of bipolar technology. General applications such as transducer interfacing, analog 
calculations, amplifier blocks, active filters, and signal buffering are easily designed with the TLC27L2 and 
TLC27L7. The devices also exhibit low voltage single-supply operation and ultra-low power consumption, 
making them ideally suited for remote and inaccessible battery-powered applications. The common-mode input 
voltage range includes the negative rail. 


A wide range of packaging options isavailable, including small-outline and chip-carrier versions for high-density 
system applications. 


The device inputs and outputs are designed to withstand -1 OO-mAsurge currents without sustaining latch-up. 


The TLC27L2 and TLC27L7 incorporate internal ESD-protection circuits that prevent functional failures at 
voltages up to 2000 V as tested under MIL-STD-883C, Method 3015.2; however, care should be exercised in 
handling these devices as exposure to ESD may result inthe degradation of the device parametric performance. 


The C-Suffix devices are characterized for operation from O°Cto 70°C. The I-suffix devices are characterized 
for operation from -40°C to 85°C. The M-suffix devices are characterized for operation over the full military 
temperature range of -55°C to 125°C. 


R1 
IN-i 


N6 
N7 


R7 
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absolute 
maximum 
ratings over operating 
free-air temperature 
range (unless 
otherwise 
noted)t 


Supply voltage, VDD (see Note 1) 
18 V 
Differential input voltage (see Note 2) 
±VDD 
Input voltage range, VI (any input) 
-0.3 V to VDD 
Input current, II 
±5 mA 
Output current, 10 (each output) 
±30 mA 
Total current into VDD 
45 mA 
Total current out of GND 
45 mA 
Duration of short-circuit current at (or below) 25°C (see Note 3) 
Unlimited 
Continuous total dissipation 
See Dissipation Rating Table 
Operating free-air temperature, TA: C suffix 
O°Cto 70°C 
I suffix 
-40°C to 85°C 
M suffix 
-55°C to 125°C 
Storage temperature range 
-65°C to 150°C 
Case temperature for 60 seconds: FK package 
260°C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: D or P package 
260°C 
Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds: JG package 
300°C 


t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 


functional 
operation of the device at these or any other conditions beyond those indicated under "recommended 
operating conditions" 
is not 


implied. Exposure to absolute-maximum-rated 
conditions for extended periods may affect device reliability. 
NOTES: 
1. 
All voltage values, except differential voltages, are with respect to network ground. 


2. 
Oifferential voltages are at IN+ with respect to IN-. 


3. 
The output may be shorted to either supply. Temperature 
and/or supply voltages 
must be limited to ensure that the maximum 
dissipation rating is not exceeded (see application section). 


PACKAGE 
TA S 25°C 
DERATING FACTOR 
TA = 70°C 
TA = 85°C 
TA = 125°C 
POWER RATING 
ABOVE TA = 25°C 
POWER RATING 
POWER RATING 
POWER RATING 


0 
725mW 
5.8mW/oC 
464mW 
377mW 
- 


FK 
1375mW 
11.0 mW/oC 
880mW 
715mW 
275mW 


JG 
1050mW 
8.4mW/oC 
672mW 
546mW 
210mW 


P 
1000mW 
8.0 mW/oC 
640mW 
520mW 
- 


C SUFFIX 
ISUFFIX 
M SUFFIX 
UNIT 
MIN 
MAX 
MIN 
MAX 
MIN 
MAX 


Supply voltage, VOO 
3 
16 
4 
16 
4 
16 
V 


IVOO=5 
V 
-0.2 
3.5 
-0.2 
3.5 
0 
3.5 
Common-mode 
input voltage, VIC I 
V 


VOO= 
10V 
-0.2 
8.5 
-0.2 
8.5 
0 
8.5 


Operating free-air temperature, 
TA 
0 
70 
-40 
85 
-55 
125 
°c 
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TLC27L2C 
TLC27L2AC 


PARAMETER 
TEST CONDITIONS 
TAt 
TLC27L2BC 
UNIT 
TLC27L7C 


MIN 
TYP 
MAX 


VO=1.4V, 
VIC=O, 
25°C 
1.1 
10 
TLC27L2C 
RS=50n. 
RL = 1 MQ 
Full range 
12 
mV 
VO=1.4V, 
VIC=O, 
25°C 
0.9 
5 
TLC27L2AC 
RS = 50 n. 
RL = 1 MQ 
Full range 
6.5 
VIO 
Input offset voltage 
25°C 
204 
2000 
TLC27L2BC 
VO=1.4V, 
VIC=O, 


RS = 50 n. 
RL = 1 MQ 
Full range 
3000 


25°C 
170 
500 


~V 


TLC27L7C 
VO=1.4V, 
VIC=O, 


RS = 50 n. 
RL = 1 MQ 
Full range 
1500 


aVIO 
Average temperature 
coefficient of input 
25°C to 
1.1 
~VloC 
offset voltage 
70°C 


110 
25°C 
0.1 


Input offset current (see Note 4) 
Vo = 2.5 V, 
VIC = 2.5V 
70°C 
pA 
7 
300 


25°C 
0.6 
liB 
Input bias current (see Note 4) 
VO=2.5V, 
VIC = 2.5 V 
70°C 
50 
pA 
600 


-0.2 
-0.3 
25°C 
to 
to 
V 


Common-mode 
input voltage range 
4 
4.2 
VICR 
(see Note 5) 
-0.2 
Full range 
to 
V 
3.5 


25°C 
3.2 
4.1 


VOH 
High-level output voltage 
VIO = 100 mY, 
RL = 1 MQ 
DoC 
3 
4.1 
V 


70°C 
3 
4.2 


25°C 
0 
50 


VOL 
Low-level output voltage 
VIO = -100 
mV, 
10L=0 
DoC 
0 
50 
mV 


70°C 
0 
50 


25°C 
50 
700 


AVO 
Large-signal 
differential voltage 
VO=0.25Vt02V, 
RL = 1 MQ 
DoC 
50 
700 
VlmV 
amplification 
70°C 
50 
380 


25°C 
65 
94 


CMRR 
Common-mode 
rejection ratio 
VIC = VICRmin 
DoC 
60 
95 
dB 


70°C 
60 
95 


25°C 
70 
97 


kSVR 
Supply-voltage 
rejection ratio 
VOO=5Vt010V, 
VO=1.4V 
DoC 
60 
97 
dB 
(Ll.VOO/Ll.VIO) 
70°C 
60 
98 


25°C 
20 
34 


100 
Supply current (two amplifiers) 
VO=2.5V, 
VIC =2.5V, 
O°C 
24 
42 
~ 
No load 
70°C 
16 
28 
t Full range 
IS DoC to 70°C. 
NOTES: 
4. 
The typical values of input bias current and input offset current below 5 pA were determined 
mathematically. 


5. 
This range also applies to each input individually. 
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TLC27L2C 
TLC27L2AC 


PARAMETER 
TEST CONDITIONS 
TAt 
TLC27L2BC 
UNIT 
TLC27L7C 


MIN 
TYP 
MAX 


VO=l.4V, 
VIC=O, 
25°C 
1.1 
10 
TLC27L2C 
RS=50Q, 
RL= 
1 MQ 
Full range 
12 
mV 
VO=l.4V, 
VIC=O, 
25°C 
0.9 
5 
TLC27L2AC 
RS = 50 n, 
RL= 
1 MQ 
Full range 
6.5 
VIO 
Input offset voltage 
25°C 
235 
2000 
TLC27L2BC 
VO=l.4V, 
VIC=O, 


RS = 50 Q, 
RL= 
1 MQ 
Full range 
3000 
l!V 


VO=l.4V, 
VIC=O, 
25°C 
190 
800 
TLC27L7C 
RS=50n, 
RL= 
1 MQ 
Full range 
1900 


Average temperature 
coefficient of input 
25°C to 
1 
l!V/oC 
aVIO 
offset voltage 
70°C 


25°C 
0.1 
110 
Input offset current (see Note 4) 
Vo = 5 V, 
VIC =5 V 
70°C 
8 
300 
pA 


25°C 
0.7 
liB 
Input bias current (see Note 4) 
Vo = 5 V, 
VIC =5 V 
70°C 
50 
600 
pA 


-0.2 
-0.3 
25°C 
to 
to 
V 


Common-mode 
input voltage range 
9 
9.2 
VICR 
(see Note 5) 
-0.2 
Full range 
to 
V 
8.5 


25°C 
8 
8.9 


VOH 
High-level output voltage 
VIO= 
100 mV, 
RL= 
1 MQ 
O°C 
7.8 
8.9 
V 


70°C 
7.8 
8.9 


25°C 
0 
50 


VOL 
Low-level output voltage 
VIO=-100mV, 
10L=0 
O°C 
0 
50 
mV 


70°C 
0 
50 


25°C 
50 
860 


AVO 
Large-signal differential voltage 
VO=lVt06V, 
RL= 
1 MQ 
O°C 
50 
1025 
VlmV 
amplification 
70°C 
50 
660 


25°C 
65 
97 


CMRR 
Common-mode 
rejection ratio 
VIC = VICRmin 
O°C 
60 
97 
dB 


70°C 
60 
97 


25°C 
70 
97 


kSVR 
Supply-voltage 
rejection ratio 
VOO = 5 V to 10 V, 
VO=l.4V 
O°C 
60 
97 
dB 
(AVOOILWIO) 
70°C 
60 
98 


25°C 
29 
46 


100 
Supply current (two amplifiers) 
Vo = 5 V, 
VIC=5 
V, 
O°C 
36 
66 
l!A 
No load 
70°C 
22 
40 
t Full range is O°C to 70°C. 
NOTES: 
4 
The typical values of input bias current and input offset current below 5 pA were determined mathematically. 
5 
This range also applies to each input individually. 
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TLC27L21 
TLC27L2AI 


PARAMETER 
TEST CONDITIONS 
TAt 
TLC27L2BI 
UNIT 
TLC27L71 


MIN 
TYP 
MAX 


VO=l.4V, 
VIC=O, 
25°C 
1.1 
10 
TLC27L21 
RS = 50 Q, 
RL= 
1 MQ 
Full range 
13 
mV 
VO=1.4V, 
VIC=O, 
25°C 
0.9 
5 
TLC27L2AI 
RS=50Q, 
RL= 
1 MQ 
Full range 
7 
VIO 
Input offset voltage 
25°C 
240 
2000 
TLC27L2BI 
VO=l.4V, 
VIC=O, 


RS = 50 Q, 
RL= 
1 MQ 
Full range 
3500 


25°C 
170 
500 
IlV 


TLC27L71 
VO=l.4V, 
VIC=O, 


RS = 50 Q, 
RL= 
1 MQ 
Full range 
2000 


Average temperature 
coefficient of 
25°C to 
1.1 
IlV/oC 
aVIO 
input offset voltage 
85°C 


25°C 
0.1 
110 
Input offset current (see Note 4) 
VO=2.5V, 
VIC = 2.5 V 
85°C 
24 
1000 
pA 


25°C 
0.6 
liB 
Input bias current (see Note 4) 
VO=2.5V, 
VIC=2.5 
V 
85°C 
200 
2000 
pA 


-0.2 
-0.3 
25°C 
to 
to 
V 


Common-mode 
input voltage range 
4 
4.2 
VICR 
(see Note 5) 
-0.2 
Full range 
to 
V 
3.5 


25°C 
3.2 
4.1 


VOH 
High-level output voltage 
VIO= 
100 mV, 
RL= 
1 MQ 
-40°C 
3 
4.1 
V 


85'C 
3 
4.2 


25°C 
0 
50 


VOL 
Low-level output voltage 
Vlo=-100mV, 
10L=0 
-40'C 
0 
50 
mV 


85'C 
0 
50 


25°C 
50 
480 


AVO 
Large-signal differential 
VO=0.25Vt02V, 
RL= 1 MQ 
-40'C 
50 
900 
V/mV 
voltage amplification 
85'C 
50 
330 


25'C 
65 
94 


CMRR 
Common-mode 
rejection ratio 
VIC = VICRmin 
-40'C 
60 
95 
dB 


85'C 
60 
95 


25'C 
70 
97 


kSVR 
Supply-voltage 
rejection ratio 
VOO=5Vtol0V, 
Vo = 1.4 V 
-40°C 
60 
97 
dB 
(6VOO/6VI0) 
85°C 
60 
98 


25'C 
20 
34 


100 
Supply current (two amplifiers) 
Vo = 2.5 V, 
VIC =2.5V, 
-40'C 
31 
54 
IlA 
No load 
85'C 
15 
26 
t Full range is -40°C 
to 85'C. 
NOTES: 
4. 
The typical values of input bias current and input offset current below 5 pA were determined 
mathematically. 
5. 
This range also applies to each input individually. 
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TLC27L21 
TLC27L2AI 


PARAMETER 
TEST CONDITIONS 
TAt 
TLC27L2BI 
UNIT 
TLC27L71 


MIN 
TYP 
MAX 


VO=l.4V, 
VIC=O, 
25°C 
1.1 
10 
TLC27L21 
RS = 50 n, 
RL= 
1 Mn 
Full range 
13 
mV 
VO=l.4V, 
VIC=O, 
25°C 
0.9 
5 
TLC27L2AI 
RS = 50n, 
RL= 
1 Mn 
Full range 
7 
VIO 
Input offset voltage 
25°C 
235 
2000 
TLC27L2BI 
VO=l.4V, 
VIC=O, 


RS = 50 n, 
RL= 
1 Mn 
Full range 
3500 


25°C 
190 
800 
~V 


TLC27L71 
VO=l.4V, 
VIC=O, 


RS = 50 n, 
RL= 
1 Mn 
Full range 
2900 


Average temperature 
coefficient of input 
25°C to 
1 
~V/oC 
aVIO 
offset voltage 
85°C 


25°C 
0.1 
110 
Input offset current (see Note 4) 
Vo = 5 V, 
VIC =5 V 
85°C 
26 
1000 
pA 


25°C 
0.7 
liB 
Input bias current (see Note 4) 
Vo = 5 V, 
VIC=5 
V 
85°C 
220 
2000 
pA 


-0.2 
-0.3 
25°C 
to 
to 
V 


Common-mode 
input voltage range 
9 
9.2 
VICR 
(see Note 5) 
-0.2 
Full range 
to 
V 
8.5 


25°C 
8 
8.9 


VOH 
High-level output voltage 
VIO = 100 mY, 
RL= 
1 Mn 
-40°C 
7.8 
8.9 
V 


85°C 
7.8 
8.9 


25°C 
0 
50 


VOL 
Low-level output voltage 
VIO = -100 
mV, 
10L= 0 
-40°C 
0 
50 
mV 


85°C 
0 
50 


25°C 
50 
860 


AVO 
Large-signal 
differential voltage 
VO=l 
Vt06V, 
RL= 
1 Mn 
-40°C 
50 
1550 
V/mV 
amplification 
85°C 
50 
585 


25°C 
65 
97 


CMRR 
Common-mode 
rejection ratio 
VIC = VICRmin 
-40°C 
60 
97 
dB 


85°C 
60 
98 


25°C 
70 
97 


kSVR 
Supply-voltage 
rejection ratio 
VOO = 5 V to 10 V, 
VO=l.4V 
-40°C 
60 
97 
dB 
(~VOO/~VIO) 
85°C 
60 
98 


25°C 
29 
46 


100 
Supply current (two amplifiers) 
Vo = 5 V, 
VIC =5 V, 
-40°C 
49 
86 
~ 
No load 
85°C 
20 
36 
t Full range is -40°C 
to 85°C. 
NOTES: 
4. 
The typical values of input bias current and input offset current below 5 pA were determined 
mathematically. 


5. 
This range also applies to each input individually. 
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TLC27L2M 


PARAMETER 
TEST CONDITIONS 
TAt 
TLC27L7M 
UNIT 


MIN 
TYP 
MAX 


VO=1.4V, 
VIC=O, 
25°C 
1.1 
10 


TLC27L2M 
mV 
RS = 50 Q, 
RL=1MQ 
Full range 
12 
VIO 
Input offset voltage 
VO=1.4V, 
VIC=O, 
25°C 
170 
500 


TLC27L7M 
RS = 50 Q, 
RL= 
1 MQ 
Full range 
3750 
l1V 


Average temperature 
coefficient of 
25°C to 
1.4 
l1V/oC 
aVIO 
input offset voltage 
125°C 


25°C 
0.1 
pA 


110 
Input offset current (see Note 4) 
VO=2.5V, 
VIC =2.5 V 
125°C 
1.4 
15 
nA 


25°C 
0.6 
pA 
liB 
Input bias current (see Note 4) 
VO= 
2.5 V, 
VIC =2.5 
V 
125°C 
9 
35 
nA 


0 
-0.3 


25°C 
to 
to 
V 


Common-mode 
input voltage range 
4 
4.2 
VICR 
(see Note 5) 
0 


Full range 
to 
V 
3.5 


25°C 
3.2 
4.1 


VOH 
High-level output voltage 
VIO = 100 mV, 
RL= 
1 MQ 
-55°C 
3 
4.1 
V 


125°C 
3 
4.2 


25°C 
0 
50 


VOL 
Low-level output voltage 
VIO = -100 
mV, 
10L= 0 
-55°C 
0 
50 
mV 


125°C 
0 
50 


25°C 
50 
500 


AVO 
Large-signal 
differential voltage 
Vo = 0.25 V to 2 V, 
RL= 
1 MQ 
-55°C 
25 
1000 
V/mV 
amplification 


125°C 
25 
200 


25°C 
65 
94 


CMRR 
Common-mode 
rejection ratio 
VIC = VICRmin 
-55°C 
60 
95 
dB 


125°C 
60 
85 


25°C 
70 
97 


kSVR 
Supply-voltage 
rejection ratio 
VOO = 5 V to 10 V, 
VO=1.4V 
-55°C 
60 
97 
dB 
(6VOO/6VI0) 
125°C 
60 
98 


25°C 
20 
34 


100 
Supply current (two amplifiers) 
VO=2.5V, 
VIC =2.5 V, 
-55°C 
35 
60 
l1A 
No load 
125°C 
14 
24 
t Full range is -55°C 
to 125°C. 
NOTES: 
4. 
The typical values of input bias current and input offset current below 5 pA were determined 
mathematically. 
5. 
This range also applies to each input individually. 
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TLC27L2M 


PARAMETER 
TEST CONDITIONS 
TAt 
TLC27L7M 
UNIT 


MIN 
TYP 
MAX 


VO=1.4V, 
VIC=O, 
25°C 
1.1 
10 
TLC27L2M 
RS = 50 Q, 
RL= 
1 MQ 
mV 
Full range 
12 
VIO 
Input offset voltage 
VO=1.4V, 
VIC=O, 
25°C 
190 
800 
TLC27L7M 
RS = 50 Q, 
RL= 
1 MQ 
Full range 
4300 
IlV 


Average temperature 
coefficient of 
25°C to 
aVIO 
input offset voltage 
125°C 
1.4 
IlV/oC 


25°C 
0.1 
pA 
110 
Input offset current (see Note 4) 
Vo = 5 V, 
VIC = 5 V 
125°C 
1.8 
15 
nA 


25°C 
0.7 
pA 
liB 
Input bias current (see Note 4) 
Vo = 5 V, 
VIC = 5 V 
125°C 
10 
35 
nA 


0 
-0.3 
25°C 
to 
to 
V 


Common-mode 
input voltage range 
9 
9.2 
VICR 
(see Note 5) 
0 
Full range 
to 
V 
8.5 


25°C 
8 
8.9 


VOH 
High-level output voltage 
VIO = 100 mV, 
RL= 
1 MQ 
-55°C 
7.8 
8.8 
V 


125°C 
7.8 
9 


25°C 
0 
50 


VOL 
Low-level output voltage 
VIO = -100 
mV, 
10L= 0 
-55°C 
0 
50 
mV 


125°C 
0 
50 


25°C 
50 
860 


AVO 
Large-signal 
differential voltage 
VO=1 
Vt06V, 
RL= 
1 MQ 
-55°C 
25 
1750 
V/mV 
amplification 
125°C 
25 
380 


25°C 
65 
97 


CMRR 
Common-mode 
rejection ratio 
VIC = VICRmin 
-55°C 
60 
97 
dB 


125°C 
60 
91 


25°C 
70 
97 


kSVR 
Supply-voltage 
rejection ratio 
VOO=5Vt010V, 
VO=1.4V 
-55°C 
60 
97 
dB 
(~VOO/~VIO) 
125°C 
60 
98 


25°C 
29 
46 


100 
Supply current (two amplifiers) 
Vo = 5 V, 
VIC = 5 V, 
-55°C 
56 
96 
j.lA 
No load 
125°C 
18 
30 
t Full range is -55°C 
to 125°C. 
NOTES: 
4. 
The typical values of input bias current and input offset current below 5 pA were determined 
mathematically. 
5. 
This range also applies to each input individually. 
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TLC27L2C 
TLC27L2AC 


PARAMETER 
TEST CONDITIONS 
TA 
TLC27L2BC 
UNIT 
TLC27L7C 


MIN 
TYP 
MAX 


25°C 
0.03 


VI(PP) = 1 V 
O°C 
0.04 
RL = 1 MQ, 
70°C 
0.03 
SR 
Slew rate at unity gain 
CL = 20 pF, 
V/IlS 
See Figure 1 
25°C 
0.03 


VI(PP) = 2.5 V 
O°C 
0.03 


70°C 
0.02 


Vn 
Equivalent input noise voltage 
1= 1 kHz, 
RS =200, 
25°C 
68 
nV/,fFfZ 
See Figure 2 


25°C 
5 


60M 
Maximumoutput-swing 
bandwidth 
VO=VOH, 
CL = 20 pF, 
O°C 
6 
kHz 
RL = 1 MQ, 
See Figure 1 
70°C 
4.5 


25°C 
85 


61 
Unity-gain bandwidth 
V,=10mV, 
CL = 20 pF, 
O°C 
100 
kHz 
See Figure 3 
70°C 
65 


25°C 
34° 


<Pm 
Phase margin 
VI = 10 mV, 
1=61, 
O°C 
36° 
CL = 20 pF, 
See Figure 3 
70°C 
30° 


TLC27L2C 
TLC27L2AC 


PARAMETER 
TEST CONDITIONS 
TA 
TLC27L2BC 
UNIT 
TLC27L7C 


MIN 
TYP 
MAX 


25°C 
0.05 


VI(PP) = 1 V 
O°C 
0.05 
RL= 
1 MO, 
70°C 
0.04 
SR 
Slew rate at unity gain 
CL = 20 pF, 
V/IlS 
See Figure 1 
25°C 
0.04 


VI(PP) = 5.5 V 
O°C 
0.05 


70°C 
0.04 


Vn 
Equivalent input noise voltage 
1= 1 kHz, 
RS =200, 
25°C 
68 
nV/,fFfZ 
See Figure 2 


25°C 
1 


60M 
Maximum output-swing 
bandwidth 
VO=VOH, 
CL = 20 pF, 
O°C 
1.3 
kHz 
RL = 1 MQ, 
See Figure 1 
70°C 
0.9 


25°C 
110 


61 
Unity-gain bandwidth 
VI=10mV, 
CL = 20 pF, 
O°C 
125 
kHz 
See Figure 3 
70°C 
90 


25°C 
38° 


<Pm 
Phase margin 
VI=10mV, 
1=61, 
O°C 
40° 
CL = 20 pF, 
See Figure 3 
70°C 
34° 
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TLC27L21 
TLC27L2AI 


PARAMETER 
TEST CONDITIONS 
TA 
TLC27L281 
UNIT 
TLC27L71 


MIN 
TYP 
MAX 


25°C 
0.03 


VI(PP) = 1 V 
-40°C 
0.04 
RL = 1 MQ, 
85°C 
0.03 
SR 
Slew rate at unity gain 
CL =20 pF, 
V/IlS 
See Figure 1 
25°C 
0.03 


VI(PP) = 2.5 V 
-40°C 
0.04 


85°C 
0.02 


Vn 
Equivalent input noise voltage 
1= 1 kHz, 
RS = 20 Q, 
25°C 
68 
nV/,[Hz 
See Figure 2 


25°C 
5 


BOM 
Maximum output-swing 
bandwidth 
VO=VOH, 
CL = 20 pF, 
-40°C 
7 
kHz 
RL= 
1 MQ, 
See Figure 1 
85°C 
4 


25°C 
85 


81 
Unity-gain bandwidth 
VI=10mV, 
CL = 20 pF, 
-40°C 
130 
kHz 
See Figure 3 
85°C 
55 


25°C 
34° 


'm 
Phase margin 
VI=10mV, 
I=B1, 
-40°C 
38° 
CL = 20 pF, 
See Figure 3 
85°C 
29° 


TLC27L21 
TLC27L2AI 


PARAMETER 
TEST CONDITIONS 
TA 
TLC27L281 
UNIT 
TLC27L71 


MIN 
TYP 
MAX 


25°C 
0.05 


VJ(PP) = 1 V 
-40°C 
0.06 
RL = 1 MQ, 
85°C 
0.03 
SR 
Slew rate at unity gain 
CL = 20 pF, 
V/IlS 
See Figure 1 
25°C 
0.04 


VI(PP) = 5.5 V 
-40°C 
0.05 


85°C 
0.03 


Vn 
Equivalent input noise voltage 
1= 1 kHz, 
RS =20Q, 
25°C 
68 
nV/,[Hz 
See Figure 2 


25°C 
1 


BOM 
Maximum output-swing 
bandwidth 
VO=VOH, 
CL = 20 pF, 
-40°C 
1.4 
kHz 
RL = 1 MQ, 
See Figure 1 
85°C 
0.8 


25°C 
110 


B1 
Unity-gain bandwidth 
VI = 10 mV, 
CL = 20 pF, 
-40°C 
155 
kHz 
See Figure 3 
85°C 
80 


25°C 
38° 


'm 
Phase margin 
VI=10mV, 
I=B1, 
-40°C 
42° 
CL = 20 pF, 
See Figure 3 
85°C 
32° 
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TLC27L2M 


PARAMETER 
TEST CONDITIONS 
TA 
TLC27L7M 
UNIT 


MIN 
TYP 
MAX 


25°C 
0.03 


VI{PP) = 1 V 
-55°C 
0.04 
RL = 1 MQ, 
125°C 
0.02 
SR 
Slew rate at unity gain 
CL = 20 pF, 
V/IlS 
See Figure 1 
25°C 
0.03 


VI{PP) = 2.5 V 
-55°C 
0.04 


125°C 
0.02 


Vn 
Equivalent input noise voltage 
1= 1 kHz, 
RS = 20 Q, 
25°C 
68 
nV/v'HZ 
See Figure 2 


25°C 
5 


80M 
Maximum output-swing 
bandwidth 
VO=VOH, 
CL = 20 pF, 
-55°C 
8 
kHz 
RL = 1 MQ, 
See Figure 1 
125°C 
3 


25°C 
85 


81 
Unity-gain bandwidth 
VI=10mV, 
CL = 20 pF, 
-55°C 
140 
kHz 
See Figure 3 
125°C 
45 


25°C 
34° 


4'm 
Phase margin 
VI=10mV, 
1= 81, 
-55°C 
39° 
CL = 20 pF, 
See Figure 3 
125°C 
25° 


TLC27L2M 


PARAMETER 
TEST CONDITIONS 
TA 
TLC27L7M 
UNIT 


MIN 
TYP 
MAX 


25°C 
0.05 


VI{PP) = 1 V 
-55°C 
0.06 
RL = 1 MQ, 
125°C 
0.03 
SR 
Slew rate at unity gain 
CL = 20 pF, 
V/IlS 
See Figure 1 
25°C 
0.04 


VI(PP) = 5.5 V 
-55°C 
0.06 


125°C 
0.03 


Vn 
Equivalent input noise voltage 
1= 1 kHz, 
RS=20Q, 
25°C 
68 
nV/v'HZ 
See Figure 2 


25°C 
1 


80M 
Maximum output-swing 
bandwidth 
VO=VOH, 
CL = 20 pF, 
-55°C 
1.5 
kHz 
RL = 1 MQ, 
See Figure 1 
125°C 
0.7 


25°C 
110 


81 
Unity-gain bandwidth 
VI=10mV, 
CL = 20 pF, 
-55°C 
165 
kHz 
See Figure 3 
125°C 
70 


25°C 
38° 


4'm 
Phase margin 
VI=10mV, 
1=81, 
-55°C 
43° 
CL = 20 pF, 
See Figure 3 
125°C 
29° 
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single-supply versus split-supply test circuits 


Because 
the TLC27L2 
and TLC27L7 
are optimized 
for single-supply 
operation, 
circuit configurations 
used for 
the various 
tests often present 
some inconvenience 
since the input signal, 
in many cases, 
must be offset from 
ground. 
This inconvenience 
can be avoided 
by testing the device with split supplies 
and the output 
load tied to 
the negative 
rail. A comparison 
of single-supply 
versus split-supply 
test circuits is shown below. The use of either 
circuit 
gives the same 
result. 


Vo 
Vo 


VI 
VI 
RL 
RL 


-=- 
- 
Voo- 


(a) SINGLE SUPPLY 
(b) SPLIT SUPPLY 


Figure 1. Unity-Gain Amplifier 


2kn 
2kn 


Voo+ 


1/2 Voo 
Vo 
Vo 


20Q 


20Q 


VOO- 


(a) SINGLE SUPPLY 
(b) SPLIT SUPPLY 


Figure 2. Noise-Test Circuit 


10kn 
10 kn 


100Q 
100Q 


VI 
VI 


Vo 
Vo 


1/2 Voo 
I 


CL 
CL 


Voo- 


(a) SINGLE SUPPLY 
(b) SPLIT SUPPLY 


Figure 3. Gain-of-100 Inverting Amplifier 
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input bias current 


Because of the high input impedance of the TLC27L2 and TLC27L7 operational amplifiers, attempts to measure 
the input bias current can result in erroneous readings. The bias current at normal room ambient temperature 
is typically less than 1 pA, a value that is easily exceeded by leakages on the test socket. Two suggestions are 
offered to avoid erroneous measurements: 


1. 
Isolate the device from other potential leakage sources.Use a grounded shield around and between the 
device inputs (see Figure 4). Leakages that would otherwise flow to the inputs are shunted away. 


2. 
Compensate for the leakage of the test socket by actually performing an input bias current test (using 
a picoammeter) with no device in the test socket. The actual input bias current can then be calculated 
by subtracting the open-socket leakage readings from the readings obtained with a device in the test 
socket. 


One word of caution: many automatic testers as well as some bench-top operational amplifier testers use the 
servo-loop technique with a resistor in series with the device input to measure the input bias current (the voltage 
drop across the series resistor is measured and the bias current is calculated). This method requires that a 
device be inserted into the test socket to obtain a correct reading; therefore, an open-socket reading is not 
feasible using this method. 8. 
C C C C 
v=~c 


C C C C 


1 
4 


Figure 4. Isolation Metal Around Device Inputs 
(JG and P packages) 


To obtain low-supply-voltage operation, some compromise was necessary in the input stage. This compromise 
results in the device low-level output being dependent on both the common-mode input voltage level as well 
as the differential input voltage level. When attempting to correlate low-level output readings with those quoted 
in the electrical specifications, these two conditions should be observed. If conditions other than these are to 
be used, please refer to Figures 14 through 19 in the Typical Characteristics of this data sheet. 


input offset voltage temperature coefficient 


Erroneous readings often result from attempts to measure temperature coefficient of input offset voltage. This 
parameter is actually a calculation using input offset voltage measurements obtained at two different 
temperatures. When one (or both) of the temperatures is below freezing, moisture can collect on both the device 
and the test socket. This moisture results in leakage and contact resistance, which can cause erroneous input 
offset voltage readings. The isolation techniques previously mentioned have no effect on the leakage since the 
moisture also covers the isolation metal itself, thereby rendering it useless. It is suggested that these 
measurements be performed at temperatures above freezing to minimize error. 
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full-power 
response 


Full-power response, the frequency above which the operational amplifier slew rate limits the output voltage 
swing, is often specified two ways: full-linear response and full-peak response. The full-linear response is 
generally measured by monitoring the distortion level of the output while increasing the frequency of a sinusoidal 
input signal until the maximum frequency is found above which the output contains significant distortion. The 
full-peak response is defined as the maximum output frequency, without regard to distortion, above which full 
peak-to-peak output swing cannot be maintained. 


Because there is no industry-wide accepted value for significant distortion, the fUll-peak response is specified 
in this data sheet and is measured using the circuit of Figure 1. The initial setup involves the use of a sinusoidal 
input to determine the maximum peak-to-peak output of the device (the amplitude of the sinusoidal wave is 
increased until clipping occurs). The sinusoidal wave is then replaced with a square wave of the same 
amplitude. The frequency isthen increased until the maximum peak-to-peak output can no longer be maintained 
(Figure 5). A square wave is used to allow a more accurate determination of the point at which the maximum 
peak-to-peak output is reached. 
11 A 


Inadequate test time is a frequent problem, especially when testing CMOS high-volume, short-test-time 
environment. Internal capacitances are inherently higher in CMOS devices and require longer test times than 
their bipolar and BiFET counterparts. The problem becomes more pronounced with reduced supply levels and 
lower temperatures. 


~TEXAS 
INSTRUMENTS 


TLC27L2, TLC27L2A, TLC27L2B, TLC27L7 
LinCMOSTM PRECISION DUAL OPERATIONAL AMPLIFIERS 


FIGURE 


VIO 
Input offset voltage 
Distribution 
6, 7 


aVIO 
Temperature coefficient of input offset voltage 
Distribution 
8,9 


vs High-level output current 
10,11 
VOH 
High-level output voltage 
vs Supply voltage 
12 
vs Free-air temperature 
13 


vs Common-mode 
input voltage 
14,15 


VOL 
Low-level output voltage 
vs Differential input voltage 
16 
vs Free-air temperature 
17 
vs Low-level output current 
18,19 


vs Supply voltage 
20 
AVD 
Large-signal differential voltage amplification 
vs Free-air temperature 
21 
vs Frequency 
32,33 


liB 
Input bias current 
vs Free-air temperature 
22 


110 
Input offset current 
vs Free-air temperature 
22 


VIC 
Common-mode 
input voltage 
vs Supply voltage 
23 


IDD 
Supply current 
vs Suppiy voltage 
24 
vs Free-air temperature 
25 


SR 
Slew rate 
vs Supply voltage 
26 
vs Free-air temperature 
27 


Normalized slew rate 
vs Free-air temperature 
28 


VOIPPl 
Maximum peak-to-peak 
output voltage 
vs Frequency 
29 


B1 
Unity-gain bandwidth 
vs Free-air temperature 
30 
vs Supply voltage 
31 


vs Supply voltage 
34 
<l>m 
Phase margin 
vs Free-air temperature 
35 
vs Load capacitance 
36 


Vn 
Equivalent input noise voltage 
vs Frequency 
37 


Phase shift 
vs Frequency 
32,33 
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DISTRIBUTION OF TLC27L2 
INPUT OFFSET VOLTAGE 
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905 Amplifiers 
Tested From 6 Wafer Lots 
VOO=5V 
TA = 25°C 
P Package 
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V,O - Input Offset Voltage - mV 


DISTRIBUTION OF TLC27LC AND TLC27L7 
INPUT OFFSET VOLTAGE 
TEMPERATURE 
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DISTRIBUTION OF TLC27L2 
INPUT OFFSET VOLTAGE 
, 


905 Amplifiers 
Tested From 6 Wafer Lots 
VOO= 10V 
TA = 25°C 
- 
P Package 
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DISTRIBUTION OF TLC27LC AND TLC27L7 
INPUT OFFSET VOLTAGE 
TEMPERATURE 
COEFFICIENT 
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356 Amplifiers 
Tested From 8 Wafer Lots 
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P Package 
Outliers: 
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HIGH-LEVEL 
OUTPUT VOLTAGE 
vs 
HIGH·LEVEL OUTPUT CURRENT 


VID = 100 mV 
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Figure 25 
t Data at high and low temperatures 
are applicable only within the rated operating free-air temperature 
ranges of the various devices. 
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single-supply 
operation 


While the TLC27L2 and TLC27L7 perform well using dual power supplies (also called balanced or split 
supplies), the design is optimized for single-supply operation. This design includes an input common-mode 
voltage range that encompasses ground as well as an output voltage range that pulls down to ground. The 
supply voltage range extends down to 3 V (C-suffix types), thus allowing operation with supply levels commonly 
available for TTL and HCMOS; however, for maximum dynamic range, 16-V single-supply operation is 
recommended. 


Many single-supply applications require that a voltage be applied to one input to establish a reference level that 
is above ground. A resistive voltage divider is usually sufficient to establish this reference level (see Figure 38). 
The low input bias current of the TLC27L2 and TLC27L7 permits the use of very large resistive values to 
implement the voltage divider, thus minimizing power consumption. 


The TLC27L2 and TLC27L7 work well in conjunction with digital logic; however, when powering both linear 
devices and digital logic from the same power supply, the following precautions are recommended: 


1. 
Power the linear devices from separate bypassed supply lines (see Figure 39); otherwise, the linear 
device supply rails can fluctuate due to voltage drops caused by high switching currents in the digital 
logic. 


2. 
Use proper bypass techniques to reduce the probability of noise-induced errors. Single capacitive 
decoupling is often adequate; however, high-frequency applications may require RC decoupling. 


voo 


R3 
VREF 
= 
VOOR1 
+ 
R3 


Vo 
= 
(VREF-VI)=~ 
+ 
VREF 
VREF 
R3 
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input characteristics 


The TLC27L2 
and TLC27L7 
are specified 
with a minimum 
and a maximum 
input voltage 
that, if exceeded 
at 
either 
input, 
could 
cause 
the device 
to malfunction. 
Exceeding 
this specified 
range 
is a common 
problem, 
especially 
in single-supply 
operation. 
Note that the lower range limit includes 
the negative 
rail, while the upper 
range 
limit is specified 
at VDD -1 
Vat 
TA = 25°C and at VDD -1.5 
V at all other temperatures. 


The use of the polysilicon-gate 
process 
and the careful 
input circuit 
design 
gives the TLC27L2 
and TLC27L7 
very good input offset voltage 
drift characteristics 
relative to conventional 
metal-gate 
processes. 
Offset voltage 
drift in CMOS devices 
is highly influenced 
by threshold 
voltage 
shifts caused 
by polarization 
of the phosphorus 
dopant 
implanted 
in the oxide. 
Placing 
the phosphorus 
dopant 
in a conductor 
(such 
as a polysilicon 
gate) 
alleviates 
the polarization 
problem, 
thus reducing 
threshold 
voltage 
shifts by more than an order of magnitude. 
The offset voltage 
drift with time has been calculated 
to be typically 
0.1 ~V/month, 
including 
the first month of 
operation. 


Because 
of the extremely 
high input impedance 
and resulting 
low bias current 
requirements, 
the TLC27L2 
and 
TLC27L7 
are well suited for low-level 
signal 
processing; 
however, 
leakage 
currents 
on printed 
circuit 
boards 
and sockets 
can easily exceed 
bias current 
requirements 
and cause 
a degradation 
in device 
performance. 
It 
is good practice to include guard rings around inputs (similar to those of Figure 4 in the Parameter 
Measurement 
Information 
section). 
These 
guards 
should 
be driven 
from a low-impedance 
source 
at the same voltage 
level 
as the common-mode 
input (see Figure 40). 


Unused 
amplifiers 
should 
be connected 
as grounded 
unity-gain 
followers 
to avoid possible 
oscillation. 


noise performance 


The noise specifications 
in operational 
amplifier 
circuits 
are greatly 
dependent 
on the current 
in the first-stage 
differential 
amplifier. 
The low input bias current 
requirements 
of the TLC27L2 
and TLC27L7 
result in a very low 
noise current, 
which 
is insignificant 
in most applications. 
This feature 
makes the devices 
especially 
favorable 
over bipolar 
devices 
when using values 
of circuit 
impedance 
greater 
than 50 kQ, since bipolar 
devices 
exhibit 
greater 
noise currents. 


output characteristics 


The output stage ofthe TLC27L2 
and TLC27L7 
is designed 
to sink and source relatively 
high amounts 
of current 
(see typical characteristics). 
If the output is subjected 
to a short-circuit 
condition, 
this high current capability 
can 
cause 
device 
damage 
under certain 
conditions. 
Output 
current 
capability 
increases 
with supply 
voltage. 


All operating 
characteristics 
of the TLC27L2 
and TLC27L7 
were 
measured 
using a 20-pF 
load. The devices 
drive 
higher 
capacitive 
loads; 
however, 
as output 
load capacitance 
increases, 
the resulting 
response 
pole 
occurs 
at lower frequencies, 
thereby 
causing 
ringing, 
peaking, 
or even oscillation 
(see Figure 
41). 
In many 
cases, 
adding 
a small amount 
of resistance 
in series with the load capacitance 
alleviates 
the problem. 


~TEXAS 
INSTRUMENTS 


TLC27L2, TLC27L2A, TLC27L2B,TLC27L7 
LinCMOSTM PRECISION DUAL OPERATIONAL AMPLIFIERS 


TA = 25°C 
f= 1 kHz 
VI(PP) = 1 V 


Figure 41. Effect of Capacitive Loads and Test Circuit 


Although the TLC27L2 and TLC27L7 possess excellent high-level output voltage and current capability, 
methods for boosting this capability are available, if needed. The simplest method involves the use of a pullup 
resistor (Rp) connected from the output to the positive supply rail (see Figure 42). There are two disadvantages 
to the use of this circuit. First, the NMOS pulldown transistor N4 (see equivalent schematic) must sink a 
comparatively large amount of current. In this circuit, N4 behaves like a linear resistor with an on-resistance 
between approximately 60 nand 
180 n, depending on how hard the operational amplifier input is driven. With 
very low values of Rp, a voltage offset from 0 V at the output occurs. Second, pullup resistor Rp acts as a 
drain load to N4 and the gain of the operational amplifier is reduced at output voltage levels where N5 is not 
supplying the output current. 
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500 !tAl 


Figure 43. Compensation 
for 
Input Capacitance 


Operational amplifier circuits nearly always employ feedback, and since feedback is the first prerequisite for 
oscillation, some caution is appropriate. Most oscillation problems result from driving capacitive loads 
(discussed previously) and ignoring stray input capacitance. A small-value capacitor connected in parallel with 
the feedback resistor is an effective remedy (see Figure 43). The value of this capacitor is optimized empirically. 


electrostatic discharge protection 


The TLC27L2 and TLC27L7 incorporate an internal electrostatic discharge (ESD) protection circuit that 
prevents functional failures at voltages up to 2000 V as tested under MIL-STD-883C, Method 3015.2. Care 
should be exercised, however, when handling these devices, as exposure to ESD may result in the degradation 
of the device parametric performance. The protection circuit also causes the input bias currents to be 
temperature dependent and have the characteristics of a reverse-biased diode. 


latch-up 


Because CMOS devices are susceptible to latch-up due to their inherent parasitic thyristors, the TLC27L2 and 
TLC27L7 inputs and outputs were designed to withstand -1 OO-mAsurge currents without sustaining latch-up; 
however, techniques should be used to reduce the chance of latch-up whenever possible. Internal protection 
diodes should not, by design, be forward biased. Applied input and output voltage should not exceed the supply 
voltage by more than 300 mY. Care should be exercised when using capacitive coupling on pulse generators. 
Supply transients should be shunted by the use of decoupling capacitors (0.1 ~F typical) located across the 
supply rails as close to the device as possible. 


The current path established if latch-up occurs is usually between the positive supply rail and ground and can 
be triggered by surges on the supply lines and/or voltages on either the output or inputs that exceed the supply 
voltage. Once latch-up occurs, the current flow is limited only by the impedance of the power supply and the 
forward resistance of the parasitic thyristor and usually results in the destruction of the device. The chance of 
latch-up occurring increases with increasing temperature and supply voltages. 
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Figure 49. Difference Amplifier 
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• 
Trimmed Offset Voltage: 
TLC27M7 ... 
500 I1VMax at 25°C, 
Voo = 5 V 
• 
Input Offset Voltage Drift ... 
Typically 
O.ll1V1Month, Including 
the First 30 Days 


• 
Wide Range of Supply Voltages Over 
Specified Temperature 
Ranges: 
O°Cto 70°C 
3 V to 16 V 
-40°C to 85°C 
4 V to 16 V 
-55°C to 125°C 
4 V to 16 V 


• 
Single-Supply 
Operation 
• 
Common-Mode 
Input Voltage Range 
Extends Below the Negative Rail (C-Suffix, 
I-Suffix Types) 
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NC - No internal connection 


• 
Low Noise ... 
Typically 32 nVl#tZ 
at 
f = 1 kHz 


• 
Low Power ... 
Typically 
2.1 mW at 25°C, 
Voo= 
5 V 
• 
Output Voltage Range Includes 
Negative 
Rail 


• 
High Input impedance 
... 
1012 Q Typ 


• 
ESD-Protection 
Circuitry 


• 
Small-Outline 
Package Option Also 
Available in Tape and Reel 


• 
Designed-In 
Latch-Up Immunity 


OISTRIBUTION OF TLC27M7 
INPUT OFFSET VOLTAGE 
30 


25 
~ 
I 


NC 
Je 
20 
0" 
20UT 
:l 


NC 
'0 
15 
., 
'" 
21N- 
III 
E 
NC 
., 10 
l:!., 
D.. 


5 


, 


340 Units Tested From 2 Wafer Lots 
VDD=5V 
TA = 25°C 
P Package 
n 
I 
L_ 


~:r 


rJ 
I 
o 
-800 
-400 
0 
400 
800 


VIO - Input Offset 
Voltage 
- ~V 


PACKAGE 


TA 
Vlomax 
SMALL 
OUTLINE 
CHIP CARRIER 
CERAMIC 
DIP 
PLASTIC 
DIP 
AT 25°C 
(D) 
(FK) 
(JG) 
(P) 


500 ~V 
TLC27M7CD 
- 
- 
TLC27M7CP 


2 mV 
TLC27M2BCD 
- 
- 
TLC27M2BCP 
O°C to 70°C 
5mV 
TLC27M2ACD 
- 
- 
TLC27M2ACP 


10mV 
TLC27M2CD 
- 
- 
TLC27M2CP 


500 ~V 
TLC27M71D 
- 
- 
TLC27M71P 


2 mV 
TLC27M2BID 
- 
- 
TLC27M2BIP 
-40°C 
to 85°C 
5mV 
TLC27M2AID 
- 
- 
TLC27M2AIP 


10mV 
TLC27M21D 
- 
- 
TLC27M21P 


500 ~V 
TLC27M7MD 
TLC27M7MFK 
TLC27M7MJG 
TLC27M7MP 
- 55°C to 125°C 
10 mV 
TLC27M2MD 
TLC27M2MFK 
TLC27M2MJG 
TLC27M2MP 


~:~~CTlC:O~~: 
s~~=si~~~:~~r::: 
,r.:~~~~,:~~ 


standard 
warranty. 
Production 
processing 
does 
not necessarily 
include 
testfng of all parameters. 
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description 


The TLC27M2 and TLC27M7 dual operational amplifiers combine a wide range of input offset voltage grades 
with low offset voltage drift, high input impedance, low noise, and speeds approaching that of general-purpose 
bipolar devices.These devices use Texas instruments silicon-gate LinCMOS technology, which provides offset 
voltage stability far exceeding the stability available with conventional metal-gate processes. 


The extremely high input impedance, low bias currents, and high slew rates make these cost-effective devices 
ideal for applications which have previously been reserved for general-purpose bipolar products, but with only 
a fraction of the power consumption. Four offset voltage grades are available (C-suffix and I-suffix types), 
ranging from the low-cost TLC27M2 (10 mV) to the high-precision TLC27M7 (500 IlV). These advantages, in 
combination with good common-mode rejection and supply voltage rejection, make these devices a good 
choice for new state-of-the-art designs as well as for upgrading existing designs. 


In general, many features associated with bipolar technology are available on LinCMOSTMoperational 
amplifiers, without the power penalties of bipolar technology. General applications such as transducer 
interfacing, analog calculations, amplifier blocks, active filters, and signal buffering are easily designed with the 
TLC27M2 and TLC27M7. The devices also exhibit low voltage single-supply operation, making them ideally 
suited for remote and inaccessible battery-powered applications. The common-mode input voltage range 
includes the negative rail. 


A wide range of packaging options is available, including small-outline and chip-carrier versions for high-density 
system applications. 


The device inputs and outputs are designed to withstand -1 OO-mAsurge currents without sustaining latch-up. 


The TLC27M2 and TLC27M7 incorporate internal ESD-protection circuits that prevent functional failures at 
voltages up to 2000 V as tested under MIL-STD-883C, Method 3015.2; however, care should be exercised in 
handling these devices as exposure to ESD may result in the degradation of the device parametric performance. 


The C-suffix devices are characterized for operation from O°Cto 70°C. The I-suffix devices are characterized 
for operation from -40°C to 85°C. The M-suffix devices are characterized for operation over the full military 
temperature range of -55°C to 125°C. 
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R1 
'N-i 


N2 


01 
R4 
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absolute 
maximum 
ratings over operating 
free-air temperature 
range (unless 
otherwise 
noted)t 


Supply voltage, Voo (see Note 1) 
18 V 
Differential input voltage, VIO (see Note 2) 
±VOO 
Input voltage range, VI (any input) 
- 0.3 V to VOO 
Input current, II 
±5 mA 
Output current, 10 (each output) 
±30 mA 
Total current into VDD 
45 mA 
Total current out of GND 
45 mA 
Duration of short-circuit current at (or below) 25°C (see Note 3) 
Unlimited 
Continuous total dissipation 
See Dissipation Rating Table 
Operating free-air temperature, TA C suffix 
O°Cto 70°C 
I suffix 
-40°C to 85°C 
M suffix 
-55°C to 125°C 
Storage temperature range 
-65°C to 150°C 
Case temperature for 60 seconds: FK package 
260°C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: D or P package 
260°C 
Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds: JG package 
300°C 
t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions 
beyond those indicated under "recommended 
operating conditions· 
is not 
implied. Exposure to absolute-maxi mum-rated conditions for extended periods may affect device reliability. 
NOTES: 
1. 
All voltage values. except differential voltages, are with respect to network ground. 


2. 
Differential voltages are at IN+ with respect to IN-. 


3. 
The output may be shorted to either supply. Temperature 
and/or supply voltages 
must be limited to ensure that the maximum 
dissipation rating is not exceeded (see application section). 


PACKAGE 
TAS25°C 
DERATING FACTOR 
TA = 70°C 
TA=85°C 
TA = 125°C 
POWER RATING 
ABOVE TA = 25°C 
POWER RATING 
POWER RATING 
POWER RATING 


D 
725mW 
5.8mW/oC 
464mW 
377mW 


FK 
1375mW 
11.0 mW/oC 
880mW 
715mW 
275mW 


JG 
1050mW 
8.4 mW/oC 
672mW 
546mW 
210mW 
p 
1000mW 
8.0 mW/oC 
640mW 
520mW 


CSUFFIX 
I SUFFIX 
M SUFFIX 
UNIT 
MIN 
MAX 
MIN 
MAX 
MIN 
MAX 


Supply voltage, VDD 
3 
16 
4 
16 
4 
16 
V 
IVDD =5V 
-0.2 
3.5 
-0.2 
3.5 
0 
3.5 
Common-mode 
input voltage, VIC 
IVDD = 10V 
V 
-0.2 
8.5 
-0.2 
8.5 
0 
8.5 


Operating free-air temperature, 
TA 
0 
70 
-40 
85 
-55 
125 
°c 
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TLC27M2C 
TLC27M2AC 


PARAMETER 
TEST CONDITIONS 
TAt 
TLC27M2BC 
UNIT 
TLC27M7C 


MIN 
TYP 
MAX 


VO=1.4V, 
VIC=O, 
25°C 
1.1 
10 
TLC27M2C 
RS = 50 Q, 
RI=100kfl 
Full range 
12 
mV 
VO=1.4V, 
VIC=O, 
25°C 
0.9 
5 
TLC27M2AC 
RS = 50 fl, 
RI = 100 kfl 
Full range 
6.5 
VIO 
Input offset voltage 
25°C 
220 
2000 
TLC27M2BC 
VO=1.4V, 
VIC=O, 


RS = 50 Q, 
RI=100kfl 
Full range 
3000 


25°C 
185 
500 
llV 


TLC27M7C 
VO=1.4V, 
VIC=O, 


RS = 50 Q, 
RI=100kQ 
Full range 
1500 


Average temperature 
coefficient of input 
25°C to 
1.7 
llV/oC 
CtVIO 
offset voltage 
70°C 


25°C 
0.1 
110 
Input offset current (see Note 4) 
VO=2.5V, 
VIC =2.5 V 
70°C 
7 
300 
pA 


25°C 
0.6 
liB 
Input bias current (see Note 4) 
Vo = 2.5 V, 
VIC =2.5 V 
70°C 
40 
600 
pA 


-0.2 
-0.3 
25°C 
to 
to 
V 


Common-mode 
input voltage range 
4 
4.2 
VICR 
(see Note 5) 
-0.2 
Full range 
to 
V 
3.5 


25°C 
3.2 
3.9 


VOH 
High-level output voltage 
VID= 
100 mV, 
RL=100kfl 
O°C 
3 
3.9 
V 


70°C 
3 
4 


25°C 
0 
50 


VOL 
Low-level output voltage 
VID =-100 
mV, 
10L=0 
O°C 
0 
50 
mV 


70°C 
0 
50 


25°C 
25 
170 


AVD 
Large-signal differential voltage 
Vo = 0.25 V to 2 V, 
RL = 100 kfl 
O°C 
15 
200 
V/mV 
amplification 
70°C 
15 
140 


25°C 
65 
91 


CMRR 
Common-mode 
rejection ratio 
VIC = VICRmin 
O°C 
60 
91 
dB 


70°C 
60 
92 


25°C 
70 
93 


kSVR 
Supply-voltage 
rejection ratio 
VDD = 5 V to 10 V, 
VO=1.4V 
O°C 
60 
92 
dB 
(ll.VDDltNIO) 


70°C 
60 
94 


25°C 
210 
560 


IDD 
Supply current (two amplifiers) 
VO=2.5V, 
VIC =2.5 V, 
O°C 
250 
640 
llA 
No load 
70°C 
170 
440 
t Full range is O°C to 70°C. 
NOTES: 
4. 
The typical values of input bias current and input offset current below 5 pA were determined mathematically. 
5. 
This range also applies to each input individually. 
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TLC27M2C 
TLC27M2AC 


PARAMETER 
TEST CONDITIONS 
TAt 
TLC27M2BC 
UNIT 
TLC27M7C 


MIN 
TYP 
MAX 


VO=1.4V, 
VIC=O, 
25°C 
1.1 
10 
TLC27M2C 
RS=50Q, 
RL= 
100 kQ 
Full range 
12 
mV 
VO=1.4V, 
VIC=O, 
25°C 
0.9 
5 
TLC27M2AC 
RS = 50 Q, 
RL = 100 kQ 
Full range 
6.5 
VIO 
Input offset voltage 
25°C 
224 
2000 
TLC27M2BC 
VO=1.4V, 
VIC=O, 
RS =50Q, 
RL = 100 kQ 
Full range 
3000 


25°C 
190 
800 
~V 


TLC27M7C 
VO=1.4V, 
VIC=O, 


RS = 50 Q, 
RL = 100 kQ 
Full range 
1900 


Average temperature 
coefficient of input 
25°C to 
2.1 
~V/oC 
CLVIO 
offset voltage 
70°C 


25°C 
0.1 
110 
Input offset current (see Note 4) 
Vo = 5 V, 
VIC = 5 V 
70°C 
7 
300 
pA 


25°C 
0.7 
liB 
Input bias current (see Note 4) 
Vo = 5 V, 
VIC= 
5 V 
70°C 
600 
pA 
50 


-0.2 
-0.3 
25°C 
to 
to 
V 


Common-mode 
input voltage range 
9 
9.2 
VICR 
(see Note 5) 
-0.2 
Full range 
to 
V 
8.5 


25°C 
8 
8.7 


VOH 
High-level output voltage 
VIO = 100 mV, 
RL= 
100kQ 
O°C 
7.8 
8.7 
V 


70°C 
7.8 
8.7 


25°C 
0 
50 


VOL 
Low-level output voltage 
VIO =-100 
mV, 
10L=0 
O°C 
0 
50 
mV 


70°C 
0 
50 


25°C 
25 
275 


AVO 
Large-signal 
differential voltage 
VO=1Vt06V, 
RL= 
100kQ 
O°C 
15 
320 
V/mV 
amplification 
70°C 
15 
230 


25°C 
65 
94 


CMRR 
Common-mode 
rejection ratio 
VIC = VICRmin 
O°C 
60 
94 
dB 


70°C 
60 
94 


25°C 
70 
93 


kSVR 
Supply-voltage 
rejection ratio 
VOO = 5 V to 10 V, 
VO=1.4V 
O°C 
60 
92 
dB 
(t.vOO/t.VIO) 
70°C 
60 
94 


25°C 
285 
600 


100 
Supply current (two amplifiers) 
Vo = 5 V, 
VIC = 5 V, 
O°C 
345 
800 
~A 
No load 
70°C 
220 
560 
t Full range is O°C to 70°C. 
NOTES: 
4. 
The typical values of input bias current and input offset current below 5 pA were determined 
mathematically. 
5. 
This range also applies to each input individually. 
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TLC27M21 
TLC27M2AI 


PARAMETER 
TEST CONDITIONS 
TAt 
TLC27M2BI 
UNIT 
TLC27M71 


MIN 
TYP 
MAX 


VO=1.4V, 
VIC=O, 
25°C 
1.1 
10 
TLC27M21 
RS = 50 n, 
RL = 100 kQ 
Full range 
13 
mV 
VO=1.4V, 
VIC=O, 
25°C 
0.9 
5 
TLC27M2AI 
RS = 50 Q, 
RL = 100 kQ 
Full range 
7 
Via 
Input offset voltage 
25°C 
220 
2000 
TLC27M2BI 
VO=1.4V, 
VIC=O, 


RS = 50 Q, 
RL = 100 kQ 
Full range 
3500 


25°C 
185 
500 
~V 


TLC27M71 
VO=1.4V, 
V'C=O, 
RS = 50 n, 
RL= 
100 kQ 
Full range 
2000 


Average temperature 
coefficient of input 
25°C to 
1.7 
~V/oC 
aVIO 
offset voltage 
85°C 


25°C 
0.1 
110 
Input offset current (see Note 4) 
Va = 2.5 V, 
VIC =2.5 V 
85°C 
24 
1000 
pA 


25°C 
0.6 
liB 
Input bias current (see Note 4) 
VO=2.5V, 
VIC =2.5 V 
85°C 
200 
2000 
pA 


-0.2 
-0.3 
25°C 
to 
to 
V 


Common-mode 
input voltage range 
4 
4.2 
VICR 
(see Note 5) 
-0.2 
Full range 
to 
V 
3.5 


25°C 
3.2 
3.9 


VOH 
High-level output voltage 
VID= 
100 mV, 
RL = 100 kQ 
-40°C 
3 
3.9 
V 


85°C 
3 
4 


25°C 
0 
50 


VOL 
Low-level output voltage 
VID = -100 mY, 
10L=0 
-40°C 
0 
50 
mV 


85°C 
0 
50 


25°C 
25 
170 


AVD 
Large-signal 
differential voltage 
Va = 0.25 V to 2 V, 
RL = 100 kQ 
-40°C 
15 
270 
V/mV 
amplification 
85°C 
15 
130 


25°C 
65 
91 


CMRR 
Common-mode 
rejection ratio 
VIC = VICRmin 
-40°C 
60 
90 
dB 


85°C 
60 
90 


25°C 
70 
93 


kSVR 
Supply-voltage 
rejection ratio 
VDD = 5 V to 10 V, 
VO=1.4V 
-40°C 
60 
91 
dB 
(<i.VDD/<i.VIO) 
85°C 
60 
94 


25°C 
210 
560 


IDD 
Supply current (two amplifiers) 
VO=2.5V, 
VIC = 2.5 V, 
-40°C 
315 
800 
~A 
No load 
85°C 
160 
400 
t Full range is -40°C 
to 85°C. 
NOTES: 
4. 
The typical values of input bias current and input offset current below 5 pA were determined 
mathematically. 
5. 
This range also applies to each input individually. 
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TLC27M21 
TLC27M2AI 


PARAMETER 
TEST CONDITIONS 
TAt 
TLC27M2BI 
UNIT 
TLC27M71 


MIN 
TYP 
MAX 


VO=l.4V, 
VIC=O, 
25°C 
1.1 
10 
TLC27M21 
RS = 50 n, 
RL = 100 kn 
Full range 
13 
mV 
VO=1.4V, 
VIC=O, 
25°C 
0.9 
5 
TLC27M2AI 
RS = 50 n. 
RL = 100 Iill 
Full range 
7 
VIO 
Input offset voltage 
25°C 
224 
2000 
TLC27M2BI 
VO= 
l.4V, 
VIC=O, 


RS=50n, 
RL=100kn 
Full range 
3500 


25°C 
190 
800 
~V 


TLC27M71 
VO=l.4V, 
VIC=O, 


RS = 50 n. 
RL = 100 Iill 
Full range 
2900 


Average temperature 
coefficient of input 
25°C to 
2.1 
~V/oC 
aVIO 
offset voltage 
85°C 


25°C 
0.1 
110 
Input offset current (see Note 4) 
VO=5 
V, 
VIC=5 
V 
85°C 
26 
1000 
pA 


25°C 
0.7 


liB 
Input bias current (see Note 4) 
Vo = 5 V, 
VIC =5 V 
85°C 
220 
200 
pA 
0 


-0.2 
-0.3 
25°C 
to 
to 
V 


Common-mode 
input voltage range 
9 
9.2 
VICR 
(see Note 5) 
-0.2 
Full range 
to 
V 
8.5 


25°C 
8 
8.7 


VOH 
High-level output voltage 
VIO = 100 mV, 
RL = 100 kn 
-40°C 
7.8 
8.7 
V 


85°C 
7.8 
8.7 


25°C 
0 
50 


VOL 
Low-level output voltage 
VIO = -100 
mV, 
10L= 0 
-40°C 
0 
50 
mV 


85°C 
0 
50 


25°C 
25 
275 


AVO 
Large-signal 
differential voltage 
VO=lVt06V, 
RL=1001ill 
-40°C 
15 
390 
V/mV 
amplification 
85°C 
15 
220 


25°C 
65 
94 


CMRR 
Common-mode 
rejection ratio 
VIC = VICRmin 
-40°C 
60 
93 
dB 


85°C 
60 
94 


25°C 
70 
93 


kSVR 
Supply-voltage 
rejection ratio 
VOO=5Vtol0V, 
VO=l.4V 
-40°C 
60 
91 
dB 
(t.VOO/t.VIO) 
85°C 
60 
94 


25°C 
285 
600 


100 
Supply current 
VO= 
5 V, 
VIC =5 V, 
-40°C 
450 
900 
~A 
No load 
85°C 
205 
520 
t Full range is -40°C 
to 85°C. 


NOTES: 
4. 
The typical values of input bias current and input offset current below 5 pA were determined 
mathematically. 


5. 
This range also applies to each input individually. 
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TLC27M2M 


PARAMETER 
TEST CONDITIONS 
TAt 
TLC27M7M 
UNIT 


MIN 
TYP 
MAX 


VA = 1.4 V, 
VIC=O, 
25°C 
1.1 
10 
TLC27M2M 
RS = 50 Q, 
RL= 
100kQ 
Full range 
12 
Via 
Input offset voltage 
mV 
VO=l.4V, 
VIC=O, 
25°C 
185 
500 
TLC27M7M 
RS = 50 Q, 
RL = 100 kQ 
Full range 
3750 


Average temperature 
coefficient of input 
25°C to 
1.7 
IlV/oC 
aVIO 
offset voltage 
125°C 


25°C 
0.1 
pA 
110 
Input offset current (see Note 4) 
Va =2.5 V, 
VIC =2.5V 
125°C 
1.4 
15 
nA 


25°C 
0.6 
pA 
liB 
Input bias current (see Note 4) 
Va = 2.5 V, 
VIC =2.5 V 
125°C 
9 
35 
nA 


0 
-0.3 
25°C 
to 
to 
V 


Common-mode 
input voltage range 
4 
4.2 
VICR 
(see Note 5) 
0 
Full range 
to 
V 
3.5 


25°C 
3.2 
3.9 


VOH 
High-level output voltage 
VIO= 
100 mV, 
RL= 
100 kQ 
-55°C 
3 
3.9 
V 


125°C 
3 
4 


25°C 
0 
50 


VOL 
Low-level output voltage 
VIO =-100 
mY, 
'OL=O 
-55°C 
0 
50 
mV 


125°C 
0 
50 


25°C 
25 
170 


AVO 
Large-signal differential voltage 
Va = 0.25 V to 2 V, 
RL= 
100 kQ 
-55°C 
15 
290 
V/mV 
amplification 
125°C 
15 
120 


25°C 
65 
91 


CMRR 
CQmmon-mode rejection ratio 
VIC = VICRmin 
-55°C 
60 
89 
dB 


125°C 
60 
91 


25°C 
70 
93 


kSVR 
Supply-voltage 
rejection ratio 
VOO=5Vtol0V, 
VO=l.4V 
-55°C 
60 
91 
dB 
(AVOO/AVIO) 
125°C 
60 
94 


25°C 
210 
560 


100 
Supply current (two amplifiers) 
VO=2.5V, 
VIC =2.5 V, 
-55°C 
340 
880 
!J.A 
No load 
125°C 
140 
360 
t Full range is -55°C 
to 125°C. 


NOTES: 
4. 
The typical values of input bias current and input offset current below 5 pA were determined 
mathematically. 
5. 
This range also applies to each input individually. 
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TLC27M2M 


PARAMETER 
TEST CONDITIONS 
TAt 
TLC27M7M 
UNIT 


MIN 
TYP 
MAX 


VO=l.4V, 
VIC=O, 
25°C 
1.1 
10 
TLC27M2M 
RS = 50 Q, 
RL = 100 k.n 
Full range 
12 
VIO 
Input offset voltage 
mV 
VO=l.4V, 
VIC=O, 
25°C 
190 
800 
TLC27M7M 
RS = 50 Q, 
RL = 100 k.n 
Full range 
4300 


Average temperature 
coefficient of input 
25°C to 
2.1 
IlV/oC 
aVIO 
offset voltage 
125°C 


25°C 
0.1 
110 
Input offset current (see Note 4) 
Vo = 5 V, 
VIC = 5V 
125°C 
1.8 
15 
pA 


25°C 
0.7 
liB 
Input bias current (see Note 4) 
VO=5 
V, 
VIC =5V 
125°C 
10 
35 
pA 


0 
-0.3 
25°C 
to 
to 
V 


Common-mode 
input voltage range 
9 
9.2 
VICR 
(see Note 5) 
0 
Full range 
to 
V 
8.5 


25°C 
8 
8.7 


VOH 
High-level output voltage 
VID= 
100 mV, 
RL = 100 k.n 
-55°C 
7.8 
8.6 
V 


125°C 
7.8 
8.8 


25°C 
0 
50 


VOL 
Low-level output voltage 
VID =-100 
mV, 
10L=0 
-55°C 
0 
50 
mV 


125°C 
0 
50 


25°C 
25 
275 


AVO 
Large-signal differential voltage 
VO=l 
Vt06V, 
RL = 100 k.n 
-55°C 
15 
420 
V/mV 
amplification 
125°C 
15 
190 


25°C 
65 
94 


CMRR 
Common-mode 
rejection ratio 
VIC = VICRmin 
-55°C 
60 
93 
dB 


125°C 
60 
93 


25°C 
70 
93 


kSVR 
Supply-voltage 
rejection ratio 
VOO=5Vto 
10V, 
VO= 
l.4V 
-55°C 
60 
91 
dB 
(tNOO/AVIO) 
125°C 
60 
94 


25°C 
285 
600 


100 
Supply current (two amplifiers) 
VO=5V, 
VIC=5 
V, 
-55°C 
490 
1000 
/lA 
No load 
125°C 
180 
480 
t Full range is -55°C 
to 125°C. 
NOTES: 
4. 
The typical values of input bias current and input offset current below 5 pA were determined 
mathematically. 
5. 
This range also applies to each input individually. 
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TLC27M2C 
TLC27M2AC 


PARAMETER 
TEST CONDITIONS 
TA 
TLC27M2BC 
UNIT 
TLC27M7C 


MIN 
TYP 
MAX 


25°C 
0.43 


VI(PP) = 1 V 
O°C 
0.46 


RL = 100 kQ, 
70°C 
0.36 
SR 
Slew rate at unity gain 
CL = 20 pF, 
25°C 
V/)lS 
See Figure 1 
0.40 


VI(PP) = 2.5 V 
O°C 
0.43 


70°C 
0.34 


Vn 
Equivalent input noise voltage 
1= 1 kHz, 
RS = 20 Q, 
25°C 
32 
nV/-IHZ 
See Figure 2 


25°C 
55 


BOM 
Maximum output-swing 
bandwidth 
VO=VOH, 
CL = 20 pF, 
O°C 
60 
kHz 
RL = 100 kQ, 
See Figure 1 
70°C 
50 


25°C 
525 


81 
Unity-gain bandwidth 
VI=10mV, 
CL = 20 pF, 
O°C 
600 
kHz 
See Figure 3 
70°C 
400 


25°C 
40° 


~m 
Phase margin 
VI=10mV, 
1 =B1, 
O°C 
41° 
CL = 20 pF, 
See Figure 3 
70°C 
39° 


TLC27M2C 
TLC27M2AC 
PARAMETER 
TEST CONDITIONS 
TA 
TLC27M2BC 
UNIT 
TLC27M7C 


MIN 
TYP 
MAX 


25°C 
0.62 


VI(PP) = 1 V 
O°C 
0.67 
RL= 
100 kQ, 
70°C 
0.51 
SR 
Slew rate at unity gain 
CL = 20 pF, 
V/)lS 
See Figure 1 
25°C 
0.56 


VI(PP) = 5.5 V 
O°C 
0.61 


70°C 
0.46 


Vn 
Equivalent input noise voltage 
1= 1 kHz, 
RS=20Q, 
25°C 
32 
nV/-IHZ 
See Figure 2 


25°C 
35 


BOM 
Maximum output-swing 
bandwidth 
VO=VOH, 
CL = 20 pF, 
O°C 
40 
kHz 
RL = 100 kQ, 
See Figure 1 
70°C 
30 


25°C 
635 


B1 
Unity-gain bandwidth 
VI=10mV, 
CL = 20 pF, 
O°C 
710 
kHz 
See Figure 3 
70°C 
510 


25°C 
43° 


~m 
Phase margin 
VI = 10mV, 
I=B1, 
O°C 
44° 
CL = 20 pF, 
See Figure 3 
70°C 
42° 
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TLC27M21 
TLC27M2AI 


PARAMETER 
TEST CONDITIONS 
TA 
TLC27M2BI 
UNIT 
TLC27M71 


MIN 
TYP 
MAX 


25°C 
0.43 


VI(PP); 
1 V 
-40°C 
0.51 
RL; 
100 kil, 
85°C 
0.35 
SR 
Slew rate at unity gain 
CL; 
20 pF, 
V/~s 
See Figure 1 
25°C 
0.40 


VI(PP) ; 2.5 V 
-40°C 
0.48 


85°C 
0.32 


Vn 
Equivalent input noise voltage 
I; 
1 kHz, 
RS; 
20 Q, 


25°C 
32 
nV/VHZ 
See Figure 2 


25°C 
55 


BOM 
Maximum output-swing 
bandwidth 
VO;VOH, 
CL; 
20 pF, 
-40°C 
75 
kHz 
RL; 
100 kn, 
See Figure 1 
85°C 
45 


25°C 
525 


81 
Unity-gain bandwidth 
VI;10mV, 
CL; 
20 pF, 
-40°C 
770 
MHz 
See Figure 3 
85°C 
370 


25°C 
40° 


<l>m 
Phase margin 
VI;10mV, 
I; 
81, 
-40°C 
43° 
CL; 
20 pF, 
See Figure 3 
85°C 
38° 


TLC27M21 
TLC27M2AI 


PARAMETER 
TEST CONDITIONS 
TA 
TLC27M2BI 
UNIT 


TLC27M71 


MIN 
TYP 
MAX 


25°C 
0.62 


VI(PP); 
1 V 
-40°C 
0.77 
RL; 
100 kn, 
85°C 
0.47 


SR 
Slew rate at unity gain 
CL; 
20 pF, 
V/~s 


See Figure 1 
25°C 
0.56 


VI(PP) ; 5.5 V 
-40°C 
0.70 


85°C 
0.44 


Vn 
Equivalent input noise voltage 
I; 
1 kHz, 
RS; 
20 Q, 


25°C 
32 
nV/VHZ 
See Figure 2 


25°C 
35 


80M 
Maximum output-swing 
bandwidth 
VO;VOH, 
CL; 
20 pF, 
-40°C 
45 
kHz 
RL; 
100 kn, 
See Figure 1 
85°C 
25 


25°C 
635 


81 
Unity-gain bandwidth 
VI; 
10 mV, 
CL; 
20 pF, 
-40°C 
880 
MHz 
See Figure 3 
85°C 
480 


25°C 
43° 


<l>m 
Phase margin 
VI;10mV, 
1;81, 
-40°C 
46° 
CL; 
20 pF, 
See Figure 3 
85°C 
41° 
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TLC27M2M 


PARAMETER 
TEST CONDITIONS 
TA 
TLC27M7M 
UNIT 
MIN 
TYP 
MAX 


25°C 
0.43 


VI(PP) = 1 V 
-55°C 
0.54 
RL = 100 kQ, 
125°C 
0.29 
SR 
Slew rate at unity gain 
CL = 20 pF, 
V/flS 
See Figure 1 
25°C 
0.40 


VI(PP) = 2.5 V 
-55°C 
0.49 


125°C 
0.28 


Vn 
Equivalent input noise voltage 
1= 1 kHz, 
RS = 20 Q, 
25°C 
32 
nV/VHZ 
See Figure 2 


25°C 
55 


80M 
Maximum output-swing 
bandwidth 
VO=VOH, 
CL = 20 pF, 
-55°C 
80 
kHz 
RL = 100 kQ, 
See Figure 1 
125°C 
40 


25°C 
525 


81 
Unity-gain bandwidth 
VI=10mV, 
CL = 20 pF, 
-55°C 
850 
kHz 
See Figure 3 
125°C 
330 


25°C 
40° 


$m 
Phase margin 
VI=10mV, 
1= 81, 
-55°C 
44° 
CL = 20 pF, 
See Figure 3 
125°C 
36° 


TLC27M2M 


PARAMETER 
TEST CONDITIONS 
TA 
TLC27M7M 
UNIT 
MIN 
TYP 
MAX 


25°C 
0.62 


VI(PP) = 1 V 
-55°C 
0.81 
RL = 100 kQ, 
125°C 
0.38 
SR 
Slew rate at unity gain 
CL = 20 pF, 
V/flS 
See Figure 1 
25°C 
0.56 


VI(PP) = 5.5 V 
-55°C 
0.73 


125°C 
0.35 


Vn 
Equivalent input noise voltage 
1= 1 kHz, 
RS =20 n, 
25°C 
32 
nV/VHZ 
See Figure 2 


25°C 
35 


80M 
Maximum output-swing 
bandwidth 
VO=VOH, 
CL = 20 pF, 
-55°C 
50 
kHz 
RL = 100 kQ, 
See Figure 1 
125°C 
20 


25°C 
635 


81 
Unity gain bandwidth 
VJ=10mV, 
CL = 20 pF, 
-55°C 
960 
kHz 
See Figure 3 
125°C 
440 


25°C 
43° 


$m 
Phase margin 
VI=10mV, 
1=81, 
-55°C 
470 
CL = 20 pF, 
See Figure 3 
125°C 
39° 
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single-supply 
versus split-supply 
test circuits 


Because 
the TLC27M2 
and TLC27M7 
are optimized 
for single-supply 
operation, 
circuit configurations 
used for 
the various 
tests often present 
some inconvenience 
since the input signal, 
in many cases, 
must be offset from 
ground. 
This inconvenience 
can be avoided 
by testing the device with split supplies 
and the output 
load tied to 
the negative 
rail. A comparison 
of single-supply 
versus split-supply 
test circuits is shown below. The use of either 


circuit 
gives the same 
result. 
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input bias current 


Because of the high input impedance of the TLC27M2 and TLC27M7 operational amplifiers, attempts to 
measure the input bias current can result in erroneous readings. The bias current at normal room ambient 
temperature is typically less than 1 pA, a value that is easily exceeded by leakages on the test socket. Two 
suggestions are offered to avoid erroneous measurements: 


1. 
Isolate the device from other potential leakage sources. Use a grounded shield around and between the 
device inputs (see Figure 4). Leakages that would otherwise flow to the inputs are shunted away. 


2. 
Compensate for the leakage of the test socket by actually performing an input bias current test (using 
a picoammeter) with no device in the test socket. The actual input bias current can then be calculated 
by subtracting the open-socket leakage readings from the readings obtained with a device in the test 
socket. 


One word of caution ... many automatic testers as well as some bench-top operational amplifier testers 
use the servo-loop technique with a resistor in series with the device input to measure the input bias 
current (the voltage drop across the series resistor is measured and the bias current is calculated). This 
method requires that a device be inserted into the test socket to obtain a correct reading; therefore, an 
open-socket reading is not feasible using this method. 


5 
C C C 


C C C 


Figure 4. Isolation Metal Around Device Inputs 
(JG and P packages) 


To obtain low-supply-voltage operation, some compromise was necessary in the input stage. This compromise 
results in the device low-level output being dependent on both the common-mode input voltage level as well 
as the differential input voltage level. When attempting to correlate low-level output readings with those quoted 
in the electrical specifications, these two conditions should be observed. If conditions other than these are to 
be used, please refer to Figures 14 through 19 in the Typical Characteristics of this data sheet. 
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input offset voltage temperature 
coefficient 


Erroneous readings often result from attempts to measure temperature coefficient of input offset voltage. This 
parameter is actually a calculation using input offset voltage measurements obtained at two different 
temperatures. When one (or both) of the temperatures is below freezing, moisture can collect on both the device 
and the test socket. This moisture results in leakage and contact resistance, which can cause erroneous input 
offset voltage readings. The isolation techniques previously mentioned have no effect on the leakage since the 
moisture also covers the isolation metal itself, thereby rendering it useless. It is suggested that these 
measurements be performed at temperatures above freezing to minimize error. 


Full-power response, the frequency above which the operational amplifier slew rate limits the output voltage 
swing, is often specified two ways: full-linear response and full-peak response. The full-linear response is 
generally measured by monitoring the distortion level of the output while increasing the frequency of a sinusoidal 
input signal until the maximum frequency is found above which the output contains significant distortion. The 
full-peak response is defined as the maximum output frequency, without regard to distortion, above which full 
peak-to-peak output swing cannot be maintained. 


Because there is no industry-wide accepted value for significant distortion, the full-peak response is specified 
in this data sheet and is measured using the circuit of Figure 1. The initial setup involves the use of a sinusoidal 
input to determine the maximum peak-to-peak output of the device (the amplitude of the sinusoidal wave is 
increased until clipping occurs). The sinusoidal wave is then replaced with a square wave of the same 
amplitude. The frequency isthen increased untilthe maximum peak-to-peak output can no longer be maintained 
(Figure 5). A square wave is used to allow a more accurate determination of the point at which the maximum 
peak-to-peak output is reached. 
JL J1 A 
A 


Inadequate test time is a frequent problem, especially when testing CMOS devices in a high-volume, 
short-test-time environment. Internal capacitances are inherently higher in CMOS than in bipolar and BiFET 
devices and require longer test times than their bipolar and BiFET counterparts. The problem becomes more 
pronounced with reduced supply levels and lower temperatures. 
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FIGURE 


VIO 
Input offset voltage 
Distribution 
6,7 


aVIO 
Temperature coefficient 
Distribution 
8,9 


vs High-level output current 
10,11 


VOH 
High-level output voltage 
vs Supply voltage 
12 
vs Free-air temperature 
13 


vs Common-mode 
input voltage 
14,15 


VOL 
Low-level output voltage 
vs Differential input voltage 
16 
vs Free-air temperature 
17 
vs Low-level output current 
18,19 


vs Supply voltage 
20 


AVD 
Differential voltage amplification 
vs Free-air temperature 
21 


vs Frequency 
32,33 


IIB/IIO 
Input bias and input offset current 
vs Free-air temperature 
22 


VIC 
Common-mode 
input voltage 
vs Supply voltage 
23 


IDD 
Supply current 
vs Supply voltage 
24 
vs Free-air temperature 
25 


SR 
Slew rate 
vs Supply voltage 
26 
vs Free-air temperature 
27 


Normalized slew rate 
vs Free-air temperature 
28 


VO(PPI 
Maximum peak-to-peak 
output voltage 
vs Frequency 
29 


B1 
Unity-gain bandwidth 
vs Free-air temperature 
30 
vs Supply voltage 
31 


vs Supply voltage 
34 


<I>~ 
Phase margin 
vs Free-air temperature 
35 
vs Capacitive 
loads 
36 


Vn 
Equivalent input noise voitage 
vs Frequency 
37 


<I> 
Phase shift 
vs Frequency 
32,33 
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DISTRIBUTION OF TLC27M2 
INPUT OFFSET VOLTAGE 
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612 Amplifiers 
Tested From 4 Wafer Lots 
VOO=5 
V 
TA = 25°C 
P Package 
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VIO - Input Offset Voltage - mV 


DISTRIBUTION OF TLC27M2 AND TLC27M7 
INPUT OFFSET VOLTAGE 
TEMPERATURE 
COEFFICIENT 
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224 Amplifiers 
Tested From 6 Wafer Lots 
VOO=5V 
TA = 25°C to 125°C 
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aVIO - Temperature Coefficient 
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DISTRIBUTION OF TLC27M2 
INPUT OFFSET VOLTAGE 


612 Amplifiers 
Tested From 4 Wafer Lots 
VOO=10V 
TA = 25°C 
P Package 


-4 
-3 
-2 
-1 
0 
1 
2 
3 
4 
5 
VIO - Input Offset Voltage - mV 
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Figure 9 
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HIGH-LEVEL OUTPUT VOLTAGE 
vs 
HIGH-LEVEL OUTPUT CURRENT 


VID = 100 mV 
TA = 25°C 


HIGH·LEVEL OUTPUT VOLTAGE 
vs 
HIGH· LEVEL OUTPUT CURRENT 
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Figure 11 


HIGH-LEVEL OUTPUT VOLTAGE 
vs 
FREE-AIR TEMPERATURE 
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HIGH-LEVEL OUTPUT VOLTAGE 
vs 
SUPPLY VOLTAGE 
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LOW-LEVEL 
OUTPUT VOLTAGE 
vs 
COMMON-MODE 
INPUT VOLTAGE 
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vs 
DIFFERENTIAL 
INPUT VOLTAGE 
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Figure 15 


LOW-LEVEL OUTPUT VOLTAGE 
vs 
FREE-AIR TEMPERATURE 


900 


IOL=5mA 
> 
800 
VID =-1 
V 
E 
VIC = 0.5 V 
I 
Q) 
700 
'"Sg 
600 


'5 
S- 
500 
::>0 
Gi 
400 
> 
Q) 
oJ 
~ 300 
0 
oJ 


~ 
200 


-? 
100 


0 
-75 
-50 
-25 
0 
25 
50 
75 
100 
125 
TA - Free-Air Temperature - °C 


Figure 17 
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LOW-LEVEL OUTPUT VOLTAGE 
vs 
LOW-LEVEL OUTPUT CURRENT 
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Figure 18 
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INPUT BIAS CURRENT AND INPUT OFFSET 
CURRENT 
vs 
FREE-AIR TEMPERATURE 
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UNITY-GAIN BANDWIDTH 
vs 
FREE-AIR TEMPERATURE 
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single-supply 
operation 


While the TLC27M2 and TLC27M7 perform well using dual power supplies (also called balanced or split 
supplies), the design is optimized for single-supply operation. This design includes an input common-mode 
voltage range that encompasses ground as well as an output voltage range that pulls down to ground. The 
supply voltage range extends down to 3 V (C-suffix types), thus allowing operation with supply levels commonly 
available for TTL and HCMOS; however, for maximum dynamic range, 16-V single-supply operation is 
recommended. 


Many single-supply applications require that a voltage be applied to one input to establish a reference level that 
is above ground. A resistive voltage divider is usually sufficient to establish this reference level (see Figure 38). 
The low input bias current of the TLC27M2 and TLC27M7 permits the use of very large resistive values to 
implement the voltage divider, thus minimizing power consumption. 


The TLC27M2 and TLC27M7 work well in conjunction with digital logic; however, when powering both linear 
devices and digital logic from the same power supply, the following precautions are recommended: 


1. 
Power the linear devices from separate bypassed supply lines (see Figure 39); otherwise, the linear 
device supply rails can fluctuate due to voltage drops caused by high switching currents in the digital 
logic. 


2. 
Use proper bypass techniques to reduce the probability of noise-induced errors. Single capacitive 
decoupling is often adequate; however, high-frequency applications may require RC decoupling. 


VDD 


R3 


= 
VDD 
R1 
+ 
R3 


(VREF-VI):~ 
+ 


cIO.D1~F _ 
- 
- 
- 
- 


o~m-# I + II + II + I : 


(b) SEPARATE 
BYPASSED 
SUPPLY RAILS (preferred) 


Figure 39. Common Versus Separate Supply Rails 
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input characteristics 


The TLC27M2 
and TLC27M7 
are specified 
with a minimum 
and a maximum 
input voltage 
that, if exceeded 
at 


either 
input, 
could 
cause 
the device 
to malfunction. 
Exceeding 
this specified 
range 
is a common 
problem, 
especially 
in single-supply 
operation. 
Note that the lower range limit includes 
the negative 
rail, while the upper 
range limit is specified 
at VDD -1 
V at TA = 25°C and at V DD -1.5 
V at all other temperatures. 


The use of the polysilicon-gate 
process 
and the careful 
input circuit design 
gives the TLC27M2 
and TLC27M7 
very good input offset voltage 
drift characteristics 
relative to conventional 
metal-gate 
processes. 
Offset voltage 
drift in CMOS 
devices 
is highly influenced 
by threshold 
voltage 
shifts caused 
by polarization 
of the phosphorus 
dopant 
implanted 
in the oxide. 
Placing 
the phosphorus 
dopant 
in a conductor 
(such 
as a polysilicon 
gate) 
alleviates 
the polarization 
problem, 
thus reducing 
threshold 
voltage 
shifts by more than an order of magnitude. 


The offset voltage 
drift with time has been calculated 
to be typically 
0.11.1V/month, including 
the first month 
of 
operation. 


Because 
of the extremely 
high input impedance 
and resulting 
low bias current 
requirements, 
the TLC27M2 
and 
TLC27M7 
are well suited for low-level 
signal 
processing; 
however, 
leakage 
currents 
on printed 
circuit 
boards 
and sockets 
can easily exceed 
bias current 
requirements 
and cause 
a degradation 
in device 
performance. 
It 


is good practice to include guard rings around inputs (similar to those of Figure 4 in the Parameter 
Measurement 
Information 
section). 
These 
guards 
should 
be driven from a low-impedance 
source 
at the same voltage 
level 
as the common-mode 
input (see Figure 40). 


The inputs of any unused 
amplifiers 
should 
be tied to ground 
to avoid possible 
oscillation. 


noise performance 


The noise specifications 
in operational 
amplifier 
circuits 
are greatly 
dependent 
on the current 
in the first-stage 
differential 
amplifier. 
The low input bias current 
requirements 
of the TLC27M2 
and TLC27M7 
result in a very 
low noise 
current, 
which 
is insignificant 
in most 
applications. 
This 
feature 
makes 
the 
devices 
especially 
favorable 
over bipolar devices when using values of circuit impedance 
greater than 50 kil, since bipolar devices 
exhibit 
greater 
noise currents. 


output characteristics 


The output 
stage 
of the TLC27M2 
and TLC27M7 
is designed 
to sink and source 
relatively 
high amounts 
of 
current 
(see typical 
characteristics). 
If the output 
is subjected 
to a short-circuit 
condition, 
this 
high current 
capability 
can cause device 
damage 
under certain 
conditions. 
Output 
current 
capability 
increases 
with supply 


voltage. 


All operating 
characteristics 
of the TLC27M2 
and TLC27M7 
were measured 
using a 20-pF 
load. The devices 
drive 
higher 
capacitive 
loads; 
however, 
as output 
load capacitance 
increases, 
the resulting 
response 
pole 
occurs 
at lower frequencies, 
thereby 
causing 
ringing, 
peaking, 
or even oscillation 
(see Figure 
41). 
In many 
cases, 
adding...a small amount 
of resistance 
in series with the load capacitance 
alleviates 
the problem. 
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TA = 25°C 
CL 
f = 1 kHz 
VI(PP) = 1 V 


output characteristics 
(continued) 


Although the TLC27M2 and TLC27M7 possess excellent high-level output voltage and current capability, 
methods for boosting this capability are available, if needed. The simplest method involves the use of a pullup 
resistor (Rp) connected from the output to the positive supply rail (see Figure 42). There are two disadvantages 
to the use of this circuit. First, the NMOS pulldown transistor N4 (see equivalent schematic) must sink a 
comparatively large amount of current. In this circuit, N4 behaves like a linear resistor with an on-resistance 
between approximately 60 nand 180 n, depending on how hard the op amp input isdriven. With very low values 
of Rp, a voltage offset from 0 V at the output occurs. Second, pullup resistor Rp acts as a drain load to N4 and 
the gain of the operational amplifier is reduced at output voltage levels where N5 is not supplying the output 
current. 
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VI 
~ 
Rp 


Vo 


~ 


R2 
IL! 
R1 
RL 


Voo - Vo 
IF 
+ 
IL 
+ 
Ip 


Ip = Pullup current required by 
the operational 
amplifier 
(typically 
500 llA) 


feedback 


Operational amplifier circuits nearly always employ feedback, and since feedback is the first prerequisite for 
oscillation, some caution is appropriate. Most oscillation problems result from driving capacitive loads 
(discussed previously) and ignoring stray input capacitance. A small-value capacitor connected in parallel with 
the feedback resistor is an effective remedy (see Figure 43). The value of this capacitor is optimized empirically. 


electrostatic-discharge protection 


The TLC27M2 and TLC27M7 incorporate an internal electrostatic-discharge (ESD) protection circuit that 
prevents functional failures at voltages up to 2000 V as tested under MIL-STD-883C, Method 3015.2. Care 
should be exercised, however, when handling these devices as exposure to ESD may result in the degradation 
of the device parametric performance. The protection circuit also causes the input bias currents to be 
temperature dependent and have the characteristics of a reverse-biased diode. 


Because CMOS devices are susceptible to latch-up due to their inherent parasitic thyristors, the TLC27M2 and 
TLC27M7 inputs and outputs were designed to withstand -1 OO-mAsurge currents without sustaining latch-up; 
however, techniques should be used to reduce the chance of latch-up whenever possible. Internal protection 
diodes should not, by design, be forward biased. Applied input and output voltage should not exceed the supply 
voltage by more than 300 mY. Care should be exercised when using capacitive coupling on pulse generators. 
Supply transients should be shunted by the use of decoupling capacitors (0.1 ~F typical) located across the 
supply rails as close to the device as possible. 


The current path established if latch-up occurs is usually between the positive supply rail and ground and can 
be triggered by surges on the supply lines and/or voltages on either the output or inputs that exceed the supply 
voltage. Once latch-up occurs, the current flow is limited only by the impedance of the power supply and the 
forward resistance of the parasitic thyristor and usually results in the destruction of the device. The chance of 
latch-up occurring increases with increasing temperature and supply voltages. 
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NOTES: 
VO(PP) = 2 V 
1 
fa 
= 
2"jR1R2C1C2 


NOTES: 
VI = 0 V to 3 V 


VI 
IS = R 


Figure 
45. Precision 
Low-Current 
Sink 
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1/2 
TLC27M2 
I 


15nF 


150 pF 


NOTES: 
VDD = 4 V to 15 V 
Vref=OVloVDD-2V 
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NOTES: 
VDD 
= 8 V to 16 V 


VO=5V,10mA 


0.1 Jl F 
VI-1 
0.22JlFt-- Vo 


100 kQ 


10kQ 
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• 
Trimmed Offset Voltage: 
TLC279 ... 
900!lV Max at 25°C, 
VDD =5 V 
• 
Input Offset Voltage Drift ... 
Typically 
0.1 !lV/Month, Including 
the First 30 Days 


• 
Wide Range of Supply Voltages Over 
Specified Temperature 
Range: 
O°Cto 70°C 
3 V to 16 V 
-40°C to 85°C 
4 V to 16 V 
-55°C to 125°C 
4 V to 16 V 


• 
Single-Supply 
Operation 


• 
Common-Mode 
Input Voltage Range 
Extends Below the Negative Rail (C-Suffix 
and I-Suffix Versions) 


• 
Low Noise ... 
Typically 25 nV/~ 
at f = 1 kHz 


• 
Output Voltage Range Includes Negative 
Rail 


• 
High Input Impedance ... 
1012 nTyp 


• 
ESD-Protection 
Circuitry 
• 
Small-Outline 
Package Option Also 
Available 
in Tape and Reel 


• 
Designed-In 
Latch-Up Immunity 


description 


The 
TLC274 
and 
TLC279 
quad 
operational 
amplifiers combine a wide range of input offset 
voltage grades with low offset voltage drift, high 
input 
impedance, 
low 
noise, 
and 
speeds 
approaching 
that 
of 
general-purpose 
BiFET 
devices. 


These 
devices 
use 
Texas 
Instruments 
silicon-gate 
LinCMOSn04 technology, 
which 
provides offset voltage stability far exceeding the 
stability available with conventional metal-gate 
processes. 


The extremely high input impedance, low bias 
currents, 
and 
high 
slew 
rates 
make 
these 
cost-effective devices ideal for applications which 
have previously been reserved for BiFET and 
NFET products. Four offset voltage grades are 
available (C-suffix and I-suffix types), ranging 
from the low-cost TLC274 (10 !lV) to the high- 
precision TLC279 (900 !lV). These advantages, in 
combination with good common-mode rejection 
and supply voltage rejection, make these devices 
a good choice for new state-of-the-art designs as 
well as for upgrading existing designs. 


LinCMOS is a trademark of Texas Instruments 
Incorporated. 


PRODUCTlON 
DATA Information 
Is current 
as of publication 
date. 


Products 
conform 
to speciflcations 
per the terms 
of Texas 
Instruments 


standard 
warranty. 
Production 
processing 
does nol necessarily 
include 
testing 
of all parameters. 
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description 
(continued) 


In general, many features associated with bipolar technology are available on LinCMOSn, operational 
amplifiers, without the power penalties of bipolar technology. General applications such as transducer 
interfacing, analog calculations, amplifier blocks, active filters, and signal buffering are easily designed with the 
TLC274 and TLC279. The devices also exhibit low voltage single-supply operation, making them ideally suited 
for remote and inaccessible battery-powered applications. The common-mode input voltage range includes the 
negative rail. 


A wide range of packaging options is available, including small-outline and chip-carrier versions for high-density 
system applications. 


The device inputs and outputs are designed to withstand -1 OO-mAsurge currents without sustaining latch-up. 


The TLC274 and TLC279 incorporate internal ESD-protection circuits that prevent functional failures at voltages 
up to 2000 V as tested under MIL-STD-883C, Method 3015.2; however, care should be exercised in handling 
these devices as exposure to ESD may result in the degradation of the device parametric performance. 


The C-suffix devices are characterized for operation from O°Cto 70°C. The I-suffix devices are characterized 
for operation from -40°C to 85°C. The M-suffix devices are characterized for operation over the full military 
temperature range of -55°C to 125°C. 


PACKAGED 
DEVICES 


VIOmax 
CHIP 


TA 
SMALL 
CHIP 
CERAMIC 
PLASTIC 
TSSOP 
FORM 
AT 25°C 
OUTLINE 
CARRIER 
DIP 
DIP 
(D) 
(FK) 
(J) 
(N) 
(PW) 
(Y) 


9OO11V 
TLC279CD 
- 
- 
TLC279CN 
- 
- 


O°C to 70°C 
2 mV 
TLC274BCD 
- 
- 
TLC274BCN 
- 
- 
5mV 
TLC274ACD 
- 
- 
TLC274ACN 
- 
- 
10mV 
TLC274CD 
- 
- 
TLC274CN 
TLC274CPW 
TLC274Y 


9OO11V 
TLC2791D 
- 
- 
TLC2791N 
- 
- 


-40°C 
to 85°C 
2mV 
TLC274BID 
- 
- 
TLC274BIN 
- 
- 
5mV 
TLC274AID 
- 
- 
TLC274AIN 
- 
- 
10mV 
TLC2741D 
- 
- 
TLC2741N 
- 
- 


-55°C 
to 125°C 
9OO11V 
TLC279MD 
TLC279MFK 
TLC279MJ 
TLC279MN 
- 
- 
10mV 
TLC274MD 
TLC274MFK 
TLC274MJ 
TLC274MN 
- 
- 
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R1 
'N-i 


N2 


01 
R4 
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TLC274Y chip information 


These chips, when properly assembled, display characteristics similar to the TLC274C. Thermal compression 
or ultrasonic bonding may be used on the doped-aluminum bonding pads. Chips may be mounted with 
conductive epoxy or a gold-silicon preform. 


11N+ 
10UT 
11N- 


21N+ 
20UT 
21N- 


31N+ 
30UT 
31N- 


41N+ 
40UT 
41N- 


GND 


I'll 
108 
~ 


1'1'1'1'1'1'1'1'1'1'['1'1'1'1'1'1'1'1'1'1'1'1'1'1'['1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1 
CHIP THICKNESS: 
15 TYPICAL 


BONDING 
PADS: 4 x 4 MINIMUM 


TJmax = 150°C 


TOLERANCES 
ARE ±10%. 


ALL DIMENSIONS 
ARE IN MILS. 


PIN (11) IS INTERNALLY 
CONNECTED 
TO BACKSIDE 
OF CHIP. 
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 


Supply voltage, Voo (see Note 1) 
18 V 
Differential input voltage, VID (see Note 2) 
±Voo 


Input voltage range, VI (any input) 
-0.3 V to Voo 
Input current, II 
±5 mA 
Output current, 10 (each output) 
±30 mA 
Total current into Voo 
45 mA 
Total current out of GND 
45 mA 
Duration of short-circuit current at (or below) 25°C (see Note 3) 
unlimited 
Continuous total dissipation 
See Dissipation Rating Table 
Operating free-air temperature, TA C suffix 
O°Cto 70°C 


I suffix 
-40°C to 85°C 
M suffix 
-55°C to 125°C 
Storage temperature range 
-65°C to 150°C 
Case temperature for 60 seconds: FK package 
260°C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: D, N, or PW package 
260°C 
Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds: J package 
300°C 
t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions 
beyond those indicated under "recommended 
operating conditions" 
is not 


implied. Exposure to absoiute-maximum-rated 
conditions for extended periods may affect device reliability. 
NOTES: 
1. 
All voltage values, except differential voltages, are with respect to network ground. 
2. 
Differential voltages are at the noninverting 
input with respect to the inverting input. 


3. 
The output may be shorted to either supply. Temperature 
and/or supply voltages must be limited to ensure that the maximum 


dissipation rating is not exceeded (see application section). 


DISSIPATION 
RATING TABLE 


PACKAGE 
TA os; 25'C 
DERATING FACTOR 
TA=70'C 
TA = 85'C 
TA=125'C 
POWER RATING 
ABOVE TA = 25'C 
POWER RATING 
POWER RATING 
POWER RATING 


D 
950mW 
7.6mW/'C 
608mW 
494mW 


FK 
1375mW 
11.0mW/'C 
880mW 
715mW 
275mW 


J 
1375mW 
11.0mW/'C 
880mW 
715mW 
275mW 


N 
1575 mW 
12.6mW/'C 
1008mW 
819mW 


PW 
700mW 
5.6mW/'C 
448mW 


CSUFFIX 
I SUFFIX 
M SUFFIX 


UNIT 


MIN 
MAX 
MIN 
MAX 
MIN 
MAX 


Supply voltage, VDD 
3 
16 
4 
16 
4 
16 
V 


Common-mode 
input voltage, VIC IVDD -5 
V 
-0.2 
3.5 
-0.2 
3.5 
0 
3.5 


IVDD = 10V 
V 
-0.2 
8.5 
-0.2 
8.5 
0 
8.5 


Operating free-air temperature, 
TA 
0 
70 
-40 
85 
-55 
125 
'c 
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TLC274C, TLC274AC, 


PARAMETER 
TEST CONDITIONS 
TAt 
TLC274BC,TLC279C 
UNIT 


MIN 
TYP 
MAX 


VO=1,4V. 
VIC=O. 
25°C 
1.1 
10 
TLC274C 
RS = 50 Q, 
RL = 10 kQ 
Full range 
12 
mV 
VO= 
1,4V, 
VIC=O, 
25°C 
0.9 
5 
TLC274AC 
RS = 50 Q, 
RL= 
10kQ 
Full range 
6.5 
Via 
Input offset voltage 
25°C 
340 
2000 
TLC274BC 
VO=1,4V, 
V'C=O. 


RS = 50 Q, 
RL=10kQ 
Full range 
3000 


25°C 
320 
900 
llV 


TLC279C 
VO=1,4V, 
VIC=O. 


RS = 50 Q, 
RL = 10 kQ 
Full range 
1500 


Average temperature 
coefficient of input 
25°C to 
1.8 
llV/oC 
aVIO 
offset voltage 
70°C 


25°C 
0.1 
110 
Input offset current (see Note 4) 
VO=2.5V, 
VIC =2.5 V 
70°C 
7 
300 
pA 


25°C 
0.6 
liB 
Input bias current (see Note 4) 
Vo = 2.5 V, 
VIC =2.5 V 
70°C 
40 
600 
pA 


-0.2 
-0.3 
25°C 
to 
to 
V 


Common-mode 
input voltage range 
4 
4.2 
VICR 
(see Note 5) 
-0.2 
Full range 
to 
V 
3.5 


25°C 
3.2 
3.8 


VOH 
High-level output voltage 
VIO = 100mV, 
RL=10kQ 
O°C 
3 
3.8 
V 


70°C 
3 
3.8 


25°C 
0 
50 


VOL 
Low-level output voltage 
VIO=-100mV, 
'OL=O 
O°C 
0 
50 
mV 


70°C 
0 
50 


25°C 
5 
23 


AVO 
Large-signal differential voltage 
Va = 0.25 V to 2 V, 
RL = 10 kQ 
O°C 
4 
27 
V/mV 
amplification 
70°C 
4 
20 


25°C 
65 
80 


CMRR 
Common-mode 
rejection ratio 
VIC = V'CRmin 
O°C 
60 
84 
dB 


70°C 
60 
85 


25°C 
65 
95 


kSVR 
Supply-voltage 
rejection ratio 
VOO = 5 V to 10 V. 
VO=1,4V 
O°C 
60 
94 
dB 
(~VOO/~VIO) 
70°C 
60 
96 


25°C 
2.7 
6,4 


'DO 
Supply current (four amplifiers) 
VO=2.5V. 
V,c =2.5 V. 
O°C 
3.1 
7.2 
mA 
No load 
70°C 
2.3 
5.2 
t Full range is O°C to 70°C. 
NOTES: 
4. 
The typical values of input bias current and input offset current below 5 pA were determined 
mathematically. 


5. 
This range also applies to each input individually. 
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TLC274C, TLC274AC, 


PARAMETER 
TEST CONDITIONS 
TAt 
TLC274BC,TLC279C 
UNIT 


MIN 
TYP 
MAX 


VO=1.4V, 
VIC=O, 
25°C 
1.1 
10 
TLC274C 
RS = 50 Q, 
RL= 
10 kn 
Full range 
12 
mV 
VO=1.4V, 
VIC=O, 
25°C 
0.9 
5 
TLC274AC 
RS = 50 Q, 
RL= 
10 kn 
Full range 
6.5 
VIO 
Input offset voltage 
25°C 
390 
2000 
TLC274BC 
VO=1.4V, 
VIC=O, 


RS=50n, 
RL=10kn 
Full range 
3000 


25°C 
370 
1200 
~V 


TLC279C 
VO=1.4V, 
VIC=O, 


RS=50n, 
RL=10kn 
Full range 
1900 


Average temperature 
coefficient of 
25°C to 
2 
~V/oC 
"VIO 
input offset voltage 
70°C 


25°C 
0.1 
110 
Input offset current (see Note 4) 
VO=.5 
V, 
VIC=5 
V 
70°C 
7 
300 
pA 


25°C 
0.7 
liB 
Input bias current (see Note 4) 
Vo = 5 V, 
VIC=5 
V 
70°C 
50 
600 
pA 


-0.2 
-0.3 
25°C 
to 
to 
V 


Common-mode 
input voltage range 
9 
9.2 
VICR 
(see Note 5) 
-0.2 
Full range 
to 
V 
8.5 


25°C 
8 
8.5 


VOH 
High-level output voltage 
VIO= 
100mV, 
RL= 
10 kn 
O°C 
7.8 
8.5 
V 


70°C 
7.8 
8.4 


25°C 
0 
50 


VOL 
Low-level output voltage 
VIO=-100mV, 
10L=0 
O°C 
0 
50 
mV 


70°C 
0 
50 


25°C 
10 
36 


AVO 
Large-signal 
differential voltage 
VO= 
1 Vt06V, 
RL=10kn 
O°C 
7.5 
42 
V/mV 
amplification 
70°C 
7.5 
32 


25°C 
65 
85 


CMRR 
Common-mode 
rejection ratio 
VIC = VICRmin 
O°C 
60 
88 
dB 


70°C 
60 
88 


25°C 
65 
95 


kSVR 
Supply-voltage 
rejection ratio 
VOO=5Vt010V, 
VO=1.4V 
O°C 
60 
94 
dB 
(~VOO/tNIO) 
70°C 
60 
96 


25°C 
3.8 
8 


100 
Supply current (four amplifiers) 
Vo = 5 V, 
VIC =5 V, 
O°C 
4.5 
8.8 
mA 
No load 
70°C 
3.2 
6.8 
t Full range is O°C to 70°C. 
NOTES: 
4. 
The typical values of input bias current and input offset current below 5 pA were determined 
mathematically. 
5. 
This range also applies to each input individually. 
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TLC2741, TLC274AI, 


PARAMETER 
TEST CONDITIONS 
TAt 
TLC274BI, TLC2791 
UNIT 


MIN 
TYP 
MAX 


VO=1.4V, 
VIC=O, 
25°C 
1.1 
10 
TLC2741 
RS =50n, 
RL = 10 kn 
Full range 
13 
mV 
VO=1.4V, 
VIC=O, 
25°C 
0.9 
5 


TLC274AI 
RS = 50 n, 
RL= 
10 kn 
Full range 
7 


VIO 
Input offset voltage 


25°C 
340 
2000 


TLC274BI 
VO=1.4V, 
VIC=O, 


RS = 50 n, 
RL=10kn 
Full range 
3500 


25°C 
320 
900 


~V 


TLC2791 
VO=1.4V, 
VIC=O, 


RS=50n, 
RL= 
10 kn 
Full range 
2000 


Average temperature 
coefficient of input 
25°C to 
1.8 
~V/oC 
aVIO 
offset voltage 
85°C 


25°C 
0.1 
110 
Input offset current (see Note 4) 
VO=2.5V, 
VIC =2.5 V 
85°C 
24 
1000 
pA 


25°C 
0.6 
liB 
Input bias current (see Note 4) 
Vo = 2.5 V, 
VIC =2.5 V 
85°C 
200 
2000 
pA 


-0.2 
-0.3 
25°C 
to 
to 
V 
Common-mode 
input voltage range 
4 
4.2 
VICR 
(see Note 5) 
-0.2 
Full range 
to 
V 


3.5 


25°C 
3.2 
3.8 


VOH 
High-Ievei output voltage 
VIO=100mV, 
RL = 10 kn 
-40°C 
3 
3.8 
V 


85°C 
3 
3.8 


25°C 
0 
50 


VOL 
Low-level output voltage 
VIO =-100 
mV, 
10L=0 
-40°C 
0 
50 
mV 


85°C 
0 
50 


25°C 
5 
23 


AVO 
Large-signal 
differential voltage 
Vo = 0.25 V to 2 V, 
RL = 10 kn 
-40°C 
3.5 
32 
V/mV 
amplification 
85°C 
3.5 
19 


25°C 
65 
80 


CMRR 
Common-mode 
rejection ratio 
VIC = VICRmin 
-40°C 
60 
81 
dB 


85°C 
60 
86 


25°C 
65 
95 


kSVR 
Supply-voltage 
rejection ratio 
VOO=5Vt010V, 
VO=1.4V 
-40°C 
60 
92 
dB 
(Ll.Voo/t,vIO) 


85°C 
60 
96 


25°C 
2.7 
6.4 


100 
Supply current (four amplifiers) 
VO=2.5V, 
VIC =2.5 V, 
-40°C 
3.8 
8.8 
mA 
No load 
85°C 
2.1 
4.8 
t Full range is -40°C 
to 85°C. 


NOTES: 
4. 
The typical values of input bias current and input offset current beiow 5 pA were determined mathematically. 
5. 
This range also applies to each input individually. 
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TLC2741, TLC274AI, 


PARAMETER 
TEST CONDITIONS 
TAt 
TLC274BI, TLC2791 
UNIT 


MIN 
TYP 
MAX 


VO=1.4V, 
VIC=O, 
25°C 
1.1 
10 
TLC2741 
RS=50n, 
RL=10kQ 
Full range 
13 
mV 
VO= 
1.4V, 
VIC=O, 
25°C 
0.9 
5 
TLC274AI 
RS = 50 n, 
RL= 
10 kQ 
Full range 
7 
VIO 
Input offset voltage 
25°C 
390 
2000 
TLC274BI 
VO=1.4V, 
VIC=O. 


RS = 50 Q. 
RL=10kQ 
Full range 
3500 


25°C 
370 
1200 
~V 


TLC2791 
VO=1.4V, 
VIC=O, 


RS = 50 n, 
RL= 
10kQ 
Full range 
2900 


Average temperature 
coefficient of input 
25°C to 
2 
~V/oC 
CLVIO 
offset voltage 
85°C 


25°C 
0.1 
110 
Input offset current (see Note 4) 
Vo = 5 V, 
VIC =5 V 
85°C 
26 
1000 
pA 


25°C 
0.7 
liB 
Input bias current (see Note 4) 
Vo = 5 V, 
VIC =5 V 
85°C 
220 
pA 
2000 


-0.2 
-0.3 
25°C 
to 
to 
V 


Common-mode 
input voltage range 
9 
9.2 
VICR 
(see Note 5) 
-0.2 
Full range 
to 
V 
8.5 


25°C 
8 
8.5 


VOH 
High-level output voltage 
VIO = 100mV, 
RL = 10 kQ 
-40°C 
7.8 
8.5 
V 


85°C 
7.8 
8.5 


25°C 
0 
50 


VOL 
Low-level output voltage 
VIO = -100 
mV, 
10L=0 
-40°C 
0 
50 
mV 


85°C 
0 
50 


25°C 
10 
36 


AVO 
Large-signal 
differential voltage 
VO= 
1 Vt06V, 
RL = 10 kQ 
-40°C 
7 
47 
V/mV 
amplification 
85°C 
7 
31 


25°C 
65 
85 


CMRR 
Common-mode 
rejection ratio 
VIC = VICRmin 
-40°C 
60 
87 
dB 


85°C 
60 
88 


25°C 
65 
95 


kSVR 
Supply-voltage 
rejection ratio 
VOO = 5 V to 10 V. 
VO=1.4V 
-40°C 
60 
92 
dB 
(t.VOO/t.VIO) 
85°C 
60 
96 


25°C 
3.8 
8 


100 
Supply current (four amplifiers) 
Vo = 5 V. 
VIC=5 
V, 
-40°C 
5.5 
10 
mA 
No load 
85°C 
2.9 
6.4 
t Full range is -40°C 
to 85°C. 


NOTES: 
4. 
The typical values of input bias current and input offset current below 5 pA were determined 
mathematically. 
5. 
This range also applies to each input individually. 
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PARAMETER 
TEST CONDITIONS 
TAt 
TlC274M, 
TlC279M 
UNIT 
MIN 
TYP 
MAX 


VO=1.4V, 
VIC=O, 
25°C 
1.1 
10 
TLC274M 
mV 
RS=50Q, 
RL=10kQ 
Full range 
12 
VIO 
Input offset voltage 
25°C 
320 
900 
TLC279M 
VO=1.4V, 
VIC=O, 
~V 
RS = 50 11, 
RL= 
10kQ 
Full range 
3750 


aVIO 
Average temperature 
coefficient of input 
25°C to 
2.1 
~V/oC 
offset voltage 
125°C 


110 
Input offset current (see Note 4) 
25°C 
0.1 
pA 
VO= 
2.5 V, 
VIC =2.5 V 
125°C 
1.4 
15 
nA 


25°C 
0.6 
pA 
liB 
Input bias current (see Note 4) 
VO=2.5V, 
VIC=2.5 
V 
125°C 
9 
35 
nA 


0 
-0.3 
25°C 
to 
to 
V 
Common-mode 
input voltage range 
4 
4.2 
VICR 
(see Note 5) 
0 
Full range 
to 
V 
3.5 


25°C 
3.2 
3.8 


VOH 
High-level output voltage 
VIO = 100mV, 
RL= 
10 kQ 
-55°C 
3 
3.8 
V 


125°C 
3 
3.8 


25°C 
0 
50 


VOL 
Low-level output voltage 
VIO = -100 
mY, 
10L=0 
-55°C 
0 
50 
mV 


125°C 
0 
50 


25°C 
5 
23 


AVO 
large-signal 
differential voltage 
Vo = 0.25 V to 2 V, 
RL = 10 kQ 
-55°C 
3.5 
35 
V/mV 
amplification 
125°C 
3.5 
16 


25°C 
65 
80 


CMRR 
Common-mode 
rejection ratio 
VIC = VICRmin 
-55°C 
60 
81 
dB 


125°C 
60 
84 


25°C 
65 
95 


kSVR 
Supply-voltage 
rejection ratio 
VOO = 5 V to 10 V, 
VO=1.4V 
-55°C 
60 
90 
dB 
(t.VOO/t.VIO) 


125°C 
60 
97 


25°C 
2.7 
6.4 


100 
Supply current (four amplifiers) 
VO=2.5V, 
VIC=2.5 
V, 
-55°C 
4 
10 
mA 
No load 
125°C 
1.9 
4.4 
t Full range is -55°C 
to 125°C. 
NOTES: 
4. 
The typical values of input bias current and input offset current below 5 pA were determined 
mathematically. 
5. 
This range also applies to each input individually. 
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PARAMETER 
TEST CONDITIONS 
TAt 
TLC274M, TLC279M 
UNIT 
MIN 
TYP 
MAX 


VO=1.4V, 
VIC=O, 
25'C 
1.1 
10 
TLC274M 
mV 
RS = 50 Q, 
RL= 
10 kQ 
Full range 
12 
VIO 
Input offset voltage 
25'C 
370 
1200 
TLC279M 
VO=1.4V, 
VIC=O, 
!tV 
RS = 50 Q, 
RL= 
10 kQ 
Full range 
4300 


Average temperature 
coefficient of input 
25°C to 
2.2 
!tV/'C 
aVIO 
offset voltage 
125°C 


25'C 
0.1 
pA 
110 
Input offset current (see Note 4) 
Vo = 5 V, 
VIC =5 V 
125'C 
1.8 
15 
nA 


25°C 
0.7 
pA 
liB 
Input bias current (see Note 4) 
Vo = 5 V, 
VIC=5 
V 
125°C 
10 
35 
nA 


0 
-0.3 
25°C 
to 
to 
V 
Common-mode 
input voltage range 
9 
9.2 
VICR 
(see Note 5) 
0 
Full range 
to 
V 
8.5 


25'C 
8 
8.5 


VOH 
High-level output voltage 
VIO = 100 mV, 
RL=10kQ 
-55'C 
7.8 
8.5 
V 


125'C 
7.8 
8.4 


25'C 
0 
50 


VOL 
Low-level output voltage 
VIO=-100mV, 
10L=0 
-55'C 
0 
50 
mV 


125'C 
0 
50 


25'C 
10 
36 


AVO 
Large-signal 
differential voltage 
VO= 
1 Vt06V, 
RL= 
10kQ 
-55°C 
7 
50 
V/mV 
amplification 
125'C 
7 
27 


25'C 
65 
85 


CMRR 
Common-mode 
rejection ratio 
VIC = VICRmin 
-55'C 
60 
87 
dB 


125'C 
60 
86 


25°C 
65 
95 


kSVR 
Supply-voltage 
rejection ratio 
VOO = 5 V to 10 V, 
VO=1.4V 
-55'C 
60 
90 
dB 
(t,vOO/t.VIO) 
125'C 
60 
97 


25'C 
3.8 
8 


'DO 
Supply current (four amplifiers) 
Vo = 5 V, 
VIC=5 
V, 
-55'C 
6.0 
12 
mA 
No load 
125°C 
2.5 
5.6 
t Full range is -55°C 
to 125'C. 


NOTES: 
4. 
The typical values of input bias current and input offset current below 5 pA were determined 
mathematically. 
5. 
This range also applies to each input individually. 
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TLC274C, TLC274AC, 


PARAMETER 
TLC274AC, 
TEST CONDITIONS 
TA 
TLC274BC,TLC279C 
UNIT 


MIN 
TYP 
MAX 


25°C 
3.6 


VIPP= 
1 V 
O°C 
4 


RL= 
10n, 
70°C 
3 
SR 
Slew rate at unity gain 
CL = 20 pF, 
V/IlS 


See Figure 1 
25°C 
2.9 


VIPP= 
2.5 V 
O°C 
3.1 


70°C 
2.5 


Vn 
Equivalent input noise voltage 
1= 1 kHz. 
RS =20n. 
25°C 
25 
nV/..JHZ 
See Figure 2 


25°C 
320 


BOM 
Maximum output-swing 
bandwidth 
VO= 
VOH. 
CL=20 
pF, 
O°C 
340 
kHz 
RL=10kn, 
See Figure 1 
70°C 
260 


25°C 
1.7 


Bl 
Unity-gain bandwidth 
Vl=10mV, 
CL = 20 pF, 
O°C 
2 
MHz 
See Figure 3 
70°C 
1.3 


25°C 
46° 


~m 
Phase margin 
VI= 
10mV, 
I=Bl, 
O°C 
47° 
CL = 20 pF, 


70°C 
44° 


TLC274C, TLC274AC, 


PARAMETER 
TEST CONDITIONS 
TLC274AC, 
TA 
TLC274BC,TLC279C 
UNIT 


MIN 
TYP 
MAX 


25°C 
5.3 


VIPP= 
1 V 
O°C 
5.9 
RL= 
10n, 
70°C 
4.3 
SR 
Slew rate at unity gain 
CL = 20 pF. 
V/IlS 
See Figure 1 
25°C 
4.6 


VIPP= 
5.5 V 
O°C 
5.1 


70°C 
3.8 


Vn 
Equivalent input noise voltage 
1= 1 kHz. 
RS = 20 n, 
25°C 
25 
nVi..JHZ 
See Figure 2 


25°C 
200 


BOM 
Maximum output-swing 
bandwidth 
VO= 
VOH. 
CL = 20 pF. 
O°C 
220 
kHz 
RL=10kn, 
See Figure 1 
70°C 
140 


25°C 
2.2 


Bl 
Unity-gain bandwidth 
VI = 10 mV. 
CL=20 
pF. 
O°C 
2.5 
MHz 
See Figure 3 
70°C 
1.8 


25°C 
49° 


~m 
Phase margin 
VI= 
10mV, 
I=Bl. 
O°C 
50° 
CL = 20 pF, 
See Figure 3 
70°C 
46° 
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TLC2741, TLC274AI, 


PARAMETER 
TEST CONDITIONS 
TA 
TLC274BI, TLC2791 
UNIT 


MIN 
TYP 
MAX 


25°C 
3.6 


VIPP= 
1 V 
-40°C 
4.5 


RL=10kQ, 
85°C 
2.8 
SR 
Slew rate at unity gain 
CL = 20 pF, 
V/Jls 
See Figure 1 
25°C 
2.9 


VIPP = 2.5 V 
-40°C 
3.5 


85°C 
2.3 


Vn 
Equivalent input noise voltage 
1= 1 kHz, 
RS = 20 Q, 
25°C 
25 
nV/..JHZ 
See Figure 2 


25°C 
320 


80M 
Maximum output-swing 
bandwidth 
VO= 
VOH, 
CL = 20 pF, 
-40°C 
380 
kHz 
RL = 10 kil, 
See Figure 1 
85°C 
250 


25°C 
1.7 


81 
Unity-gain bandwidth 
VI=10mV, 
CL =20 
pF, 
-40°C 
2.6 
MHz 
See Figure 3 
85°C 
1.2 


25°C 
46° 


<Pm 
Phase margin 
VI=10mV, 
1= 81, 
-40°C 
49° 
CL = 20 pF, 
See Figure 3 
85°C 
43° 


TLC2741, TLC274AI, 


PARAMETER 
TEST CONDITIONS 
TA 
TLC274BI, TLC2791 
UNIT 


MIN 
TYP 
MAX 


25°C 
5.3 


VIPP = 1 V 
-40°C 
6.7 


RL= 
10n, 
85°C 
4 
SR 
Slew rate at unity gain 
CL = 20 pF, 
V/Jls 
See Figure 1 
25°C 
4.6 


VIPP= 
5.5 V 
-40°C 
5.8 


85°C 
3.5 


Vn 
Equivalent input noise voitage 
1= 
1 kHz, 
RS = 20 Q, 
25°C 
25 
nV/..JHZ 
See Figure 2 


25°C 
200 


80M 
Maximum output-swing 
bandwid1h 
VO= 
VOH, 
CL = 20 pF, 
-40°C 
260 
kHz 
RL=10kQ, 
See Figure 1 
85°C 
130 


25°C 
2.2 


81 
Unity-gain bandwidth 
VI=10mV, 
CL = 20 pF, 
-40°C 
3.1 
MHz 
See Figure 3 
85°C 
1.7 


25°C 
49° 


<Pm 
Phase margin 
VI=10mV, 
1=81, 
-40°C 
52° 
CL = 20 pF, 
See Figure 3 
85°C 
46° 
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PARAMETER 
TEST CONDITIONS 
TA 


TLC274M,TLC279M 


UNIT 


MIN 
TYP 
MAX 


25°C 
3.6 


VIPP= 
1 V 
-55°C 
4.7 
RL=10kQ, 
125°C 
2.3 
SR 
Slew rate at unity gain 
CL = 20 pF, 
V/Jls 
See Figure 1 
25°C 
2.9 


VIPP= 
2.5 V 
-55°C 
3.7 


125°C 
2 


Vn 
Equivalent input noise voltage 
1= 1 kHz, 
RS =20n, 
25°C 
25 
nV/.JRZ 
See Figure 2 


25°C 
320 


80M 
Maximum output-swing 
bandwidth 
VO= 
VOH, 
CL = 20 pF, 
-55°C 
400 
kHz 
RL=10kQ, 
See Figure 1 
125°C 
230 


25°C 
1.7 


81 
Unity-gain bandwidth 
VI = 10 mV, 
CL = 20 pF, 
-55°C 
2.9 
MHz 
See Figure 3 
125°C 
1.1 


25°C 
46° 


<Pm 
Phase margin 
VI = 10mV, 
1=81, 
-55°C 
49° 
CL =20 
pF, 
See Figure 3 
125°C 
41° 


PARAMETER 
TEST CONDITIONS 
TA 
TLC274M,TLC279M 
UNIT 
MIN 
TYP 
MAX 


25°C 
5.3 


VIPP= 
1 V 
-55°C 
7.1 
RL= 
10n, 
125°C 
3.1 
SR 
Slew rate at unity gain 
CL = 20 pF, 
V/Jls 
See Figure 1 
25°C 
4.6 


VIPP= 
5.5 V 
-55°C 
6.1 


125°C 
2.7 


Vn 
Equivalent input noise voltage 
1= 1 kHz, 
RS =20 Q, 
25°C 
25 
nV/.JRZ 
See Figure 2 


25°C 
200 


80M 
Maximum output-swing 
bandwidth 
VO= 
VOH, 
CL = 20 pF, 
-55°C 
280 
kHz 
RL = 10 kQ, 
See Figure 1 
125°C 
110 


25°C 
2.2 


81 
Unity-gain bandwidth 
VI = 10 mV, 
CL = 20 pF, 
-55°C 
3.4 
MHz 
See Figure 3 
125°C 
1.6 


25°C 
49° 


<Pm 
Phase margin 
VI = 10mV, 
1=81, 
-55°C 
52° 
CL = 20 pF, 
See Figure 3 
125°C 
44° 
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TLC274Y 
PARAMETER 
TEST CONDITIONS 
UNIT 
MIN 
TYP 
MAX 


VIO 
Input offset voltage 
VO=l.4V, 
VIC=O, 
1.1 
10 
mV 
RS = 50 Q, 
RL = 10 kfl 


110 
Input offset current (see Note 4) 
VO=2.5V, 
VIC =2.5 V 
0.1 
pA 


liB 
Input bias current (see Note 4) 
VO=2.5V, 
VIC=2.5 
V 
0.6 
pA 


-0.2 
-0.3 


VICR 
Common-mode 
input voltage range (see Note 5) 
to 
to 
V 
4 
4.2 


VOH 
High-level output voltage 
VID = 100 mV, 
RL=10kQ 
3.2 
3.8 
V 


VOL 
Low-level output voltage 
VIO = -100 mV, 
10L=0 
0 
50 
mV 


AVO 
Large-signal differential 
voltage amplification 
Vo = 0.25 V to 2 V, 
RL=10kfl 
5 
23 
V/mV 


CMRR 
Common-mode 
rejection ratio 
VIC = VICRmin 
65 
80 
dB 


kSVR 
Supply-voltage 
rejection ratio (L\VOO/L\VIO) 
VOO = 5 V to 10 V, 
VO=l.4V 
65 
95 
dB 


100 
Supply current (four amplifiers) 
VO=2.5V, 
VIC = 2.5 V, 
2.7 
6.4 
mA 
No load 


TLC274Y 
PARAMETER 
TEST CONDITIONS 
UNIT 
MIN 
TYP 
MAX 


VIO 
Input offset voltage 
VO=l.4V, 
VIC=O, 
1.1 
10 
mV 
RS = 50 Q, 
RL= 
10 kQ 


'10 
Input offset current (see Note 4) 
Vo = 5 V, 
VIC = 5 V 
0.1 
pA 


liB 
Input bias current (see Note 4) 
Vo = 5 V, 
VIC = 5 V 
0.7 
pA 


-0.2 
-0.3 


VICR 
Common-mode 
input voltage range (see Note 5) 
to 
to 
V 
9 
9.2 


VOH 
High-level output voltage 
VIO= 
100 mV, 
RL = 10 kQ 
8 
8.5 
V 


VOL 
Low-level output voltage 
VIO = -100 mV, 
10L= 0 
0 
50 
mV 


AVO 
Large-signal 
differential voltage amplification 
VO=lVt06V, 
RL= 
10 kfl 
10 
36 
V/mV 


CMRR 
Common-mode 
rejection ratio 
VIC = VICRmin 
65 
85 
dB 


kSVR 
Supply-voltage 
rejection ratio (L\VOO/L\VIO) 
VOO=5Vtol0V, 
VO=l.4V 
65 
95 
dB 


100 
Supply current (four amplifiers) 
Vo = 5 V, 
VIC = 5 V, 
3.8 
8 
mA 
No load 


NOTES: 
4. 
The typical values of input bias current and input offset current below 5 pA were determined 
mathematically. 


5. 
This range also applies to each input individually. 
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TLC274Y 
PARAMETER 
TEST CONDITIONS 
UNIT 
MIN 
TYP 
MAX 


RL=10kQ, 
CL = 20 pF, 
I VIPP= 
1 V 
3.6 
SR 
Slew rate at unity gain 
V!JlS 
See Figure 1 
r VIPP = 2.5 V 
2.9 


Vn 
Equivalent input noise voltage 
1= 1 kHz, 
RS =20Q, 
See Figure 2 
25 
nV!\I'HZ 


BOM 
Maximum output-swing 
bandwidth 
VO= 
VOH, 
CL = 20 pF, 
RL=10kQ, 
320 
kHz 
See Figure 1 


B1 
Unity-gain bandwidth 
VI = 10 mY, 
CL = 20 pF, 
See Figure 3 
1.7 
MHz 


<l>m 
Phase margin 
VI = 10 mY, 
I=B1, 
CL = 20 pF, 
46° 
See Figure 3 


TLC274Y 
PARAMETER 
TEST CONDITIONS 
UNIT 
MIN 
TYP 
MAX 


Slew rate at unity gain 
RL=10kQ, 
CL = 20 pF, 
IVIPP = 1 V 
5.3 
SR 
V!JlS 
See Figure 1 
IV'PP = 5.5 V 
4.6 


Vn 
Equivalent input noise voltage 
1= 
1 kHz, 
RS = 20 Q, 
See Figure 2 
25 
nV!\I'HZ 


BOM 
Maximum output-swing 
bandwidth 
VO= 
VOH, 
CL = 20 pF, 
RL= 
10 kQ, 
200 
kHz 
See Figure 1 


B1 
Unity-gain bandwidth 
VI = 10 mY, 
CL =20 
pF, 
See Figure 3 
2.2 
MHz 


<l>m 
Phase margin 
VI = 10 mY, 
I=B1, 
CL = 20 pF, 
49° 
See Figure 3 
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single-supply 
versus split-supply 
test circuits 


Because 
the TLC274 
and TLC279 
are optimized 
for single-supply 
operation, 
circuit configurations 
used for the 
various 
tests 
often 
present 
some 
inconvenience 
since 
the input signal, 
in many 
cases, 
must be offset 
from 
ground. 
This inconvenience 
can be avoided 
by testing the device with split supplies 
and the output 
load tied to 
the negative 
rail. A comparison 
of single-supply 
versus split-supply 
test circuits is shown below. The use of either 
circuit 
gives the same 
result. 


Voo- 


(b) SPLIT SUPPLY 


Voo- 


(b) SPLIT SUPPLY 


Voo- 


(b) SPLIT SUPPLY 
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input bias current 


Because of the high input impedance of the TLC274 and TLC279 operational amplifiers, attempts to measure 
the input bias current can result in erroneous readings. The bias current at normal room ambient temperature 
is typically less than 1 pA, a value that is easily exceeded by leakages on the test socket. Two suggestions are 
offered to avoid erroneous measurements: 


1. 
Isolate the device from other potential leakage sources. Use a grounded shield around and between the 
device inputs (see Figure 4). Leakages that would otherwise flow to the inputs are shunted away. 


2. 
Compensate for the leakage of the test socket by actually performing an input bias current test (using 
a picoammeter) with no device in the test socket. The actual input bias current can then be calculated 
by subtracting the open-socket leakage readings from the readings obtained with a device in the test 
socket. 


One word of caution: many automatic testers as well as some bench-top operational amplifier testers use the 
servo-loop technique with a resistor in series with the device input to measure the input bias current (the voltage 
drop across the series resistor is measured and the bias current is calculated). This method requires that a 
device be inserted into the test socket to obtain a correct reading; therefore, an open-socket reading is not 
feasible using this method. 


low-level 
output voltage 


To obtain low-supply-voltage operation, some compromise was necessary in the input stage. This compromise 
results in the device low-level output being dependent on both the common-mode input voltage level as well 
as the differential input voltage level. When attempting to correlate low-level output readings with those quoted 
in the electrical specifications, these two conditions should be observed. If conditions other than these are to 
be used, please refer to Figures 14 through 19 in the Typical Characteristics of this data sheet. 


input offset voltage temperature 
coefficient 


Erroneous readings often result from attempts to measure temperature coefficient of input offset voltage. This 
parameter is actually a calculation using input offset voltage measurements obtained at two different 
temperatures. When one (or both) of the temperatures is below freezing, moisture can collect on both the device 
and the test socket. This moisture results in leakage and contact resistance, which can cause erroneous input 
offset voltage readings. The isolation techniques previously mentioned have no effect on the leakage since the 
moisture also covers the isolation metal itself, thereby rendering it useless. It is suggested that these 
measurements be performed at temperatures above freeZing to minimize error. 
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full-power 
response 


Full-power response, the frequency above which the operational amplifier slew rate limits the output voltage 
swing, is often specified two ways: full-linear response and full-peak response. The full-linear response is 
generally measured by monitoring the distortion level of the output while increasing the frequency of a sinusoidal 
input signal until the maximum frequency is found above which the output contains significant distortion. The 
full-peak response is defined as the maximum output frequency, without regard to distortion, above which full 
peak-to-peak output swing cannot be maintained. 


Because there is no industry-wide accepted value for significant distortion, the full-peak response is specified 
in this data sheet and is measured using the circuit of Figure 1. The initial setup involves the use of a sinusoidal 
input to determine the maximum peak-to-peak output of the device (the amplitude of the sinusoidal wave is 
increased until clipping occurs). The sinusoidal wave is then replaced with a square wave of the same 
amplitude. The frequency isthen increased until the maximum peak-to-peak output can no longer be maintained 
(Figure 5). A square wave is used to allow a more accurate determination of the point at which the maximum 
peak-to-peak output is reached.Jl 
A 


Inadequate test time is a frequent problem, especially when testing CMOS devices in a high-volume, 
short-test-time environment. Internal capacitances are inherently higher in CMOS than in bipolar and BiFET 
devices and require longer test times than their bipolar and BiFET counterparts. The problem becomes more 
pronounced with reduced supply levels and lower temperatures. 
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FIGURE 


VIO 
Input offset voltage 
Distribution 
6, 7 


aVIO 
Temperature coefficient of input offset voltage 
Distribution 
8,9 


vs High-level output current 
10,11 


VOH 
High-level output voltage 
vs Supply voltage 
12 
vs Free-air temperature 
13 


vs Common-mode 
input voltage 
14,15 


VOL 
Low-level output voltage 
vs Differential input voltage 
16 
vs Free-air temperature 
17 
vs Low-level output current 
18,19 


vs Supply voltage 
20 
AVO 
Large-signal 
differential voltage amplification 
vs Free-air temperature 
21 
vs Frequency 
32,33 


liB 
Input bias current 
vs Free-air temperature 
22 


110 
Input offset current 
vs Free-air temperature 
22 


VIC 
Common-mode 
input voltage 
vs Supply voltage 
23 


100 
Supply current 
vs Supply voltage 
24 
vs Free-air temperature 
25 


SR 
Slew rate 
vs Supply voltage 
26 
vs Free-air temperature 
27 


Normalized slew rate 
vs Free-air temperature 
28 


VOCPPl 
Maximum peak-to-peak 
output voltage 
vs Frequency 
29 


B1 
Unity-gain bandwidth 
vs Free-ai r temperatu re 
30 
vs Supply voltage 
31 


vs Supply voltage 
34 


4>m 
Phase margin 
vs Free-air temperature 
35 
vs Load capacitance 
36 


Vn 
Equivalent input noise voltage 
vs Frequency 
37 


Phase shift 
vs Frequency 
32,33 
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Q 
HIGH-LEVEL OUTPUT VOLTAGE 
vs 
HIGH·LEVEL OUTPUT CURRENT 
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LOW-LEVEL OUTPUT VOLTAGE 
vs 
COMMON-MODE 
INPUT VOLTAGE 
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LOW-LEVEL OUTPUT VOLTAGE 
vs 
LOW-LEVEL OUTPUT CURRENT 
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INPUT BIAS CURRENT AND INPUT OFFSET CURRENT 
vs 
FREE-AIR TEMPERATURE 
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NOTE A: 
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current below 5 pA were determined 
mathematically. 
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SLEW RATE 
vs 
SUPPLY VOLTAGE 
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vs 
FREE-AIR TEMPERATURE 
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UNITY-GAIN BANDWIDTH 
vs 
FREE-AIR TEMPERATURE 
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Figure 34 
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EQUIVALENT INPUT NOISE VOLTAGE 
vs 
FREQUENCY 
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single-supply operation 


While the TLC274 
and TLC279 
perform 
well using dual power supplies 
(also called balanced 
or split supplies), 
the design is optimized 
for single-supply 
operation. 
This design includes 
an input common-mode 
voltage 
range 
that encompasses 
ground 
as well as an output 
voltage 
range that pulls down to ground. 
The supply 
voltage 
range extends 
down to 3 V (C-suffix 
types), 
thus allowing 
operation 
with supply 
levels commonly 
available 
for 
TTL and HCMOS; 
however, 
for maximum 
dynamic 
range, 
16-V single-supply 
operation 
is recommended. 


Many single-supply 
applications 
require that a voltage 
be applied to one input to establish 
a reference 
level that 
is above ground. 
A resistive 
voltage 
divider 
is usually sufficient 
to establish 
this reference 
level (see Figure 38). 


The low input bias current of the TLC274 
and TLC279 
permits the use of very large resistive values to implement 
the voltage 
divider, thus minimizing 
power consumption. 


The TLC274 
and TLC279 
work well in conjunction 
with digital logic; however, 
when powering 
both linear devices 
and digital 
logic from the same power 
supply, the following 
precautions 
are recommended: 


1. 
Power 
the linear 
devices 
from separate 
bypassed 
supply 
lines (see Figure 
39); otherwise 
the linear 
device 
supply 
rails can fluctuate 
due to voltage 
drops caused 
by high switching 
currents 
in the digital 
logic. 


2. 
Use proper 
bypass 
techniques 
to reduce 
the probability 
of noise-induced 
errors. 
Single 
capacitive 
decoupling 
is often adequate; 
however, 
high-frequency 
applications 
may require Rc decoupling. 


VDD 


VREF = VDD ---!!.L 
R1 +R3 


VO=(VREF-VI) 
R4 +vREF 
R2 


Power 
Supply 


Power 
Supply 


(b) SEPARATE 
BYPASSED 
SUPPLY RAILS (preferred) 


Figure 39. Common Versus Separate Supply Rails 
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input characteristics 


The TLC274 
and TLC279 
are specified 
with a minimum 
and a maximum 
input voltage 
that, if exceeded 
at either 
input, could cause the device to malfunction. 
Exceeding 
this specified 
range is a common 
problem, 
especially 
in single-supply 
operation. 
Note that the lower range limit includes 
the negative 
rail, while the upper range limit 
is specified 
at VOD - 1 V at TA = 25°C and at VOO - 1.5 V at all other temperatures. 


The use of the polysilicon-gate 
process 
and the careful 
input circuit design gives the TLC274 
and TLC279 
very 
good input offset voltage 
drift characteristics 
relative to conventional 
metal-gate 
processes. 
Offset voltage 
drift 
in CMOS 
devices 
is highly 
influenced 
by threshold 
voltage 
shifts 
caused 
by polarization 
of the phosphorus 
dopant 
implanted 
in the oxide. 
Placing 
the phosphorus 
dopant 
in a conductor 
(such 
as a polysilicon 
gate) 
alleviates 
the polarization 
problem, 
thus reducing 
threshold 
voltage 
shifts by more than an order of magnitude. 


The offset voltage 
drift with time has been calculated 
to be typically 
0.1 !lV/month, 
including 
the first month of 
operation. 


Because 
of the extremely 
high input impedance 
and resulting 
low bias current 
requirements, 
the TLC274 
and 
TLC279 
are well suited for low-level 
signal processing; 
however, 
leakage 
currents 
on printed-circuit 
boards and 
sockets 
can easily exceed 
bias current 
requirements 
and cause a degradation 
in device performance. 
It is good 
practice 
to include 
guard 
rings around 
inputs 
(similar 
to those 
of Figure 
4 in the 
Parameter 
Measurement 
Information 
section). 
These 
guards 
should 
be driven from a low-impedance 
source 
at the same voltage 
level 
as the common-mode 
input (see Figure 40). 


Unused 
amplifiers 
should 
be connected 
as grounded 
unity-gain 
followers 
to avoid possible 
oscillation. 


noise performance 


The noise specifications 
in operational 
amplifier 
circuits 
are greatly 
dependent 
on the current 
in the first-stage 
differential 
amplifier. 
The low input bias current 
requirements 
of the TLC274 
and TLC279 
result in a very low 
noise current, 
which 
is insignificant 
in most applications. 
This feature 
makes 
the devices 
especially 
favorable 
over bipolar 
devices 
when using values 
of circuit 
impedance 
greater 
than 50 kQ, since bipolar 
devices 
exhibit 
greater 
noise currents. 


output characteristics 


The output stage of the TLC274 
and TLC279 
is designed 
to sink and source 
relatively 
high amounts 
of current 
(see typical characteristics). 
If the output is subjected 
to a short-circuit 
condition, 
this high current capability 
can 
cause 
device 
damage 
under certain 
conditions. 
Output 
current 
capability 
increases 
with supply 
voltage. 


All operating 
characteristics 
of the TLC274 
and TLC279 
were measured 
using a 20-pF load. The devices 
drive 
higher capacitive 
loads; however, 
as output 
load capacitance 
increases, 
the resulting 
response 
pole occurs 
at 
lower frequencies, 
thereby 
causing 
ringing, 
peaking, 
or even oscillation 
(see Figure 41). In many cases, adding 
a small amount 
of resistance 
in series with the load capacitance 
alleviates 
the problem. 
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TA = 25°C 
f = 1kHz 
VIPP = 1 V 


-2.5 
V 


(d) TEST CIRCUIT 


Figure 
41. Effect of Capacitive 
Loads 
and Test Circuit 


Although 
the TLC274 
and TLC279 
possess 
excellent 
high-level 
output voltage 
and current capability, 
methods 
for boosting 
this capability 
are available, 
if needed. 
The simplest 
method 
involves 
the use of a pullup 
resistor 


(Rp) connected 
from the output to the positive 
supply 
rail (see Figure 42). There are two disadvantages 
to the 
use of this circuit. 
First, the NMOS pulldown 
transistor 
N4 (see equivalent 
schematic) 
must sink a comparatively 
large 
amount 
of current. 
In this 
circuit, 
N4 behaves 
like a linear 
resistor 
with 
an on-resistance 
between 
approximately 
60 Q and 180 Q, depending 
on how hard the op amp input is driven. 
With very low values 
of Rp, 
a voltage 
offset from 0 V at the output occurs. 
Second, 
pull up resistor 
Rp acts as a drain load to N4 and the gain 
of the operational 
amplifier 
is reduced 
at output 
voltage 
levels where 
N5 is not supplying 
the output 
current. 
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output characteristics (continued) 


Voo 


VI 
Ip 
Rp 
+-- 


Vo 


IF 
+-- 


R2 
IL~ 
R1 
RL 


Voo-Vo 
Rp = 
IF + IL + Ip 


Ip = Pullup current required 
by the operational 
amplifier 
(typically 500 ~A) 


Figure 43. Compensation for 
Input Capacitance 


Operational amplifier circuits nearly always employ feedback, and since feedback is the first prerequisite for 
oscillation, some caution is appropriate. Most oscillation problems result from driving capacitive loads 
(discussed previously) and ignoring stray input capacitance. A small-value capacitor connected in parallel with 
the feedback resistor is an effective remedy (see Figure 43). The value of this capacitor is optimized empirically. 


electrostatic discharge protection 


The TLC274 and TLC279 incorporate an internal electrostatic discharge (ESD) protection circuit that prevents 
functional failures at voltages up to 2000 V as tested under MIL-STD-883C, Method 3015.2. Care should be 
exercised, however, when handling these devices as exposure to ESD may result in the degradation of the 
device 
parametric 
performance. 
The 
protection 
circuit 
also 
causes 
the 
input 
bias 
currents 
to 
be 
temperature-dependent and have the characteristics of a reverse-biased diode. 


Because CMOS devices are susceptible to latch-up due to their inherent parasitic thyristors, the TLC274 and 
TLC279 inputs and outputs were designed to withstand -100-mA surge currents without sustaining latch-up; 
however, techniques should be used to reduce the chance of latch-up whenever possible. Internal protection 
diodes should not, by design, be forward biased. Applied input and output voltage should not exceed the supply 
voltage by more than 300 mV. Care should be exercised when using capacitive coupling on pulse generators. 
Supply transients should be shunted by the use of decoupling capacitors (0.1 IlF typical) located across the 
supply rails as close to the device as possible. 


The current path established if latch-up occurs is usually between the positive supply rail and ground and can 
be triggered by surges on the supply lines and/or voltages on either the output or inputs that exceed the supply 
voltage. Once latch-up occurs, the current flow is limited only by the impedance of the power supply and the 
forward resistance of the parasitic thyristor and usually results in the destruction of the device. The chance of 
latch-up occurring increases with increasing temperature and supply voltages. 
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R = 5 kn (3/d-1) 
(see Note A) 
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VI 
(see Note A) 


1~ 
W~ 
150 


+ 
250~F'I 
25V 
_ 
Vo 
(see Note B) 


NOTES: 
B. 
VI = 3.5 V 1015 V 
C. 
VO=2V, 
010 1 A 


Vo (see Note A) 
.n.r 


100~ 


R2 


47~ 


R3 


Vo (see Note B) 
/V' 


fO = 4C;R2) 
~~ 


100~ 


R1 


NOTES: 
A. 
VO(PP) = 8 V 
B. 
VO(PP) = 4 V 
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R1,10kn 


10 kn 
95 kn 
(see Note A) 


R 
R 
Vo 
10MQ 
10MQ 


VI 


2C 
- 


540 pF 
- 


- 
fNOTCH 
= _1_ 


RI2 
- 
2ltRC 


5MQ 


C 
C 
270 pF 
270 pF 


Figure 49. Single-Supply 
Twin-T 
Notch 
Filter 
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• 
Trimmed Offset Voltage 
DB PACKAGE 


10 mV Max at TA = 25°C, Voo = 5 V 
(TOP VIEW) 
• 
Input Offset Voltage Drift ... 
Typically 


CD 
80UT 
0.1 !lV/Month, Including 
the First 30 Days 
10UT 
30 


11N- 
2 
29 
81N- 
• 
Wide Range of Supply Voltages 
3 Vto 
16 V 
11N+ 
3 
28 
81N+ 
• 
Single-Supply 
Operation 
1VCC+ 
4 
27 
1Vce- 


21N+ 
5 
26 
71N+ 
• 
Common-Mode 
Input Voltage Range 
Extends Below the Negative Rail 
21N- 
6 
25 
71N- 


Low Noise ... 
Typically 25 nV/..JHZ 
20UT 
7 
24 
70UT 
• 
atf=1kHz 
NC 
8 
23 
Ny 
• 
Output Voltage Range Includes Negative 
30UT 
9 
22 
60UT 


Rail 
31N- 
10 
21 
61N- 
• 
ESD-Protection 
Circuitry 
31N+ 
11 
20 
61N+ 
• 
Small-Outline 
Package Option Also 
2Vcc+ 
12 
19 
2Vce- 


Available in Tape and Reel 
41N+ 
13 
18 
51N+ 
• 
Designed-In Latch-Up Immunity 
41N- 
14 
17 
51N- 


40UT 
15 
16 
50UT 
description 
NC - No internal connection 
The 
TLC274x2 
octal 
operational 
amplifier 
incorporates low offset-voltage drift, high input 
impedance, low noise, and speeds approaching 
that of general-purpose 
BiFET devices into a 
single 
package. 
This 
device 
uses 
Texas 
Instruments silicon-gate LinCMOSTMtechnology, 
which 
provides 
offset 
voltage 
stability 
far 
exceeding the stability available with conventional 
metal-gate processes. 


The extremely high input impedance, low bias currents, and high slew rates make this a cost-effective device 
ideal for applications that have previously been reserved for BiFET and NFET products. These advantages, in 
combination with good common-mode rejection and supply-voltage rejection, make this device a good choice 
for new state-of-the-art designs as well as for upgrading existing designs. 


In general, many features associated with bipolar technology are available on LinCMOSTMoperational amplifiers 
without the power penalties of bipolar technology. General applications such as transducer interfacing, analog 
calculations, amplifier blocks, active filters, and signal buffering are easily designed with the TLC274x2. The 
device also exhibits low-voltage single-supply 
operation, 
making them ideally suited for remote and 
inaccessible battery-powered applications. The common-mode input voltage range includes the negative rail. 
The device inputs and outputs are designed to withstand -1OO-mAsurge currents without sustaining latch-up. 


::: 
[>---- OUT 


PACKAGE 


TA 
Vlomax 
AT 25°C 
SMALL 
OUTLINE 
(DB)t 


O°C to 70°C 
10mV 
TLC274x2DBLE 


PRODUCTION 
DATA 
Information 
Is current 
as 
of 
publication 
date. 


Products 
conform 
to specifications 
per the terms 
of Texas Instrument! 
standard 
warranty. 
Production 
processing 
does 
not necessarily 
include 
testing 
of all parameters. 
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description 
(continued) 


The TLC274x2 incorporates internal ESD-protection circuits that prevent functional failures at voltages up to 
2000 V as tested under MIL-STD-883C, Method 3015.2; however, exercise care in handling this device as 
exposure to ESD can result in the degradation of the device parametric performance. 


The TLC274x2 is characterized for operation from O°Cto 70°C. 


R1 
IN-i 


N2 


01 
R4 


COMPONENT 
COUNT 


Resistors 
56 


Transistors 
80 
Diodes 
16 


Capacitors 
8 
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absolute 
maximum 
ratings over operating 
free-air 
temperature 
range (unless 
otherwise 
noted)t 


Supply voltage, Voo (see Note 1) 
18 V 
Differential input voltage, VIO (see Note 2) 
Voo± 
Input voltage range, VI (any input) 
-0.3 V to Voo 
Input current, II 
±5 mA 
Output current, 10 (each output) 
±30 mA 
Total current into Voo 
45 mA 
Total current out of GND 
45 mA 
Duration of short-circuit current at (or below) 25°C (see Note 3) 
unlimited 
Continuous total dissipation 
See Dissipation Rating Table 
Operating free-air temperature, TA 
O°Cto 70°C 
Storage temperature range 
-65°C to 150°C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds 
260°C 


t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions 
beyond those indicated under "recommended 
operating conditions" 
is not 


implied. Exposure to absolute-maximum-rated 
conditions for extended periods may affect device reliability. 


NOTES: 
1. 
All voltage values, except differential voitages, are with respect to network ground. 


2. 
Oifferential voltages are at IN+ with respect to IN-. 


3. 
The output can be shorted to either supply. Temperature 
and/or supply voltages 
must be limited to ensure that the maximum 
dissipation rating is not exceeded (see application 
section). 


DISSIPATION 
RATING TABLE 


TA $ 25°C 
DERATING FACTOR 
TA = 70°C 
POWER RATING 
ABOVE TA = 25°C 
POWER RATING 


1024 mW 
8.2 mW/oC 
655 mW 


MIN 
MAX 
UNIT 


Supply voltage, VOO 
3 
16 
V 
IVOO= 5 V 
-0.2 
3.5 
Common-mode 
input voltage, VIC 
I 
V 
VOO= 
10V 
-0.2 
8.5 


Operating free-air temperature, 
TA 
0 
70 
°c 
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PARAMETER 
TEST CONDITIONS 
TAt 
MIN 
TYP 
MAX 
UNIT 


VO;1.4V, 
VIC;O, 
25°C 
1.1 
10 
VIO 
Input offset voltage 
mV 
RS; 
50 n, 
RL; 
10 kQ 
Full range 
12 


Average temperature 
coefficient of 
25°C to 
1.8 
/lVrC 
aVIO 
input offset voltage 
70°C 


25°C 
0.1 
110 
Input offset current (see Note 4) 
VO;2.5V, 
VIC ;2.5 
V 
70°C 
7 
300 
pA 


25°C 
0.6 
liB 
Input bias current (see Note 4) 
VO;2.5V, 
VIC ;2.5 
V 
70°C 
40 
600 
pA 


-0.2 
-0.3 
25°C 
to 
to 
V 
Common-mode 
input voltage range 
4 
4.2 
VICR 
(see Note 5) 
-0.2 
Full range 
to 
V 
3.5 


25°C 
3.2 
3.8 


VOH 
High-level output voltage 
VID; 
100 mY, 
RL; 
10 kQ 
O°C 
3 
3.8 
V 


70°C 
3 
3.8 


25°C 
0 
50 


VOL 
Low-level output voltage 
VID; 
-100 
mY, 
10L;0 
O°C 
0 
50 
mV 


70°C 
0 
50 


25°C 
5 
23 


AVD 
Large-signal 
differential voltage 
VO; 
0.25 V to 2 V, 
RL; 
10 kQ 
O°C 
4 
27 
V/mV 
amplification 
70°C 
4 
20 


25°C 
65 
80 


CMRR 
Common-mode 
rejection ratio 
VIC ; VICRmin 
O°C 
60 
84 
dB 


70°C 
60 
85 


25°C 
65 
95 


kSVR 
Supply-voltage 
rejection ratio 
VDD;5Vt010V, 
VO;1.4V 
O°C 
60 
94 
dB 
(t.VDD/t.VIO) 
70°C 
60 
96 


25°C 
2.7 
6.4 


IDD 
Supply current (four amplifiers) 
VO;2.5V, 
VIC ;2.5 
V, 
O°C 
3.1 
7.2 
mA 
No load 
70°C 
2.3 
5.2 
t Full range is O°C to 70°C. 
NOTES: 
4. 
The typical values of input bias current and input offset current below 5 pA were determined mathematically. 
5. 
This range also applies to each input individually. 
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PARAMETER 
TEST CONDITIONS 
TAt 
MIN 
TYP 
MAX 
UNIT 


VO=1.4V, 
VIC=O. 
25°C 
1.1 
10 
VIO 
Input offset voltage 
mV 
RS = 50 Q, 
RL=10kQ 
Full range 
12 


Average temperature 
coefficient of 
25°C to 
2 
IlV/0C 
aVIO 
input offset voltage 
70°C 


25°C 
0.1 
110 
Input offset current (see Note 4) 
VO=0.5 
V. 
VIC=5 
V 
70°C 
7 
300 
pA 


25°C 
0.7 
liB 
Input bias current (see Note 4) 
VO=51/. 
VIC=5 
V 
70°C 
50 
600 
pA 


-0.2 
-0.3 
25°C 
to 
to 
V 
Common-mode 
input voltage range 
9 
9.2 
VICR 
(see Note 5) 
-0.2 
Full range 
to 
V 
8.5 


25°C 
8 
8.5 


VOH 
High-level output voltage 
VIO = 100mV, 
RL= 
10 kQ 
O°C 
7.8 
8.5 
V 


70°C 
7.8 
8.4 


25°C 
0 
50 


VOL 
Low-level output voltage 
VIO=-100mV. 
IOL=O 
O°C 
0 
50 
mV 


70°C 
0 
50 


25°C 
10 
36 


AVO 
Large-signal differential voltage 
Va = 1 Vt06V. 
RL=10kQ 
O°C 
7.5 
42 
V/mV 
amplification 
70°C 
7.5 
32 


25°C 
65 
85 


CMRR 
Common-mode 
rejection ratio 
VIC = VICRmin 
O°C 
60 
88 
dB 


70°C 
60 
88 


25°C 
65 
95 


kSVR 
Supply-voltage 
rejection ratio 
VOO=5Vt010V, 
VO=1.4V 
O°C 
60 
94 
dB 
(tNOOltNIO) 
70°C 
60 
96 


25°C 
3.8 
8 


100 
Supply current (four amplifiers) 
Va = 5 V, 
VIC =5 V. 
O°C 
4.5 
8.8 
mA 
No load 
70°C 
3.2 
6.8 
t Full range is O°C to 70°C. 
NOTES: 
4. 
The typical values of input bias current and input offset current below 5 pA were determined 
mathematically. 


5. 
This range also applies to each input individually. 


~TEXAS 
INSTRUMENTS 


TLC274x2 
LinCMOSTM PRECISION 
OCTAL OPERATIONAL AMPLIFIER 
SLOS137-JULY 
1994 


PARAMETER 
TEST CONDITIONS 
TA 
MIN 
TYP 
MAX 
UNIT 


25°C 
3.6 


VI(PP) = 1 V 
O°C 
4 
RL= 
1011, 
70°C 
3 
SR 
Slew rate at unity gain 
CL = 20 pF, 
VIJJS 
See Figure 1 
25°C 
2.9 


VI(PP) = 2.5 V 
O°C 
3.1 


70°C 
2.5 


Vn 
Equivalent input noise voltage 
1= 
1 kHz, 
RS =20 n, 
25°C 
25 
nVI..JHZ 
See Figure 2 


25°C 
320 


80M 
Maximum output-swing 
bandwidth 
VO= 
VOH, 
CL = 20 pF, 
O°C 
340 
kHz 
RL= 10k11, 
See Figure 1 
70°C 
260 


25°C 
1.7 


81 
Unity-gain bandwidth 
VI = 10mV, 
CL = 20 pF, 
O°C 
2 
MHz 
See Figure 3 
70°C 
1.3 


25°C 
46° 


<l>m 
Phase margin 
VI=10mV, 
1=81, 
O°C 
47° 
CL = 20 pF, 


70°C 
44° 


PARAMETER 
TEST CONDITIONS 
TA 
MIN 
TYP 
MAX 
UNIT 


25°C 
5.3 


VI(PP) = 1 V 
O°C 
5.9 


RL= 
1011, 
70°C 
4.3 
SR 
Slew rate at unity gain 
CL = 20 pF, 
VIJls 


See Figure 1 
25°C 
4.6 


VI(PP) = 5.5 V 
O°C 
5.1 


70°C 
3.8 


Vn 
Equivalent input noise voltage 
1= 1 kHz, 
RS = 20 11, 
25°C 
25 
nVI..JHZ 
See Figure 2 


25°C 
200 


80M 
Maximum output-swing 
bandwidth 
VO=VOH, 
CL = 20 pF, 
O°C 
220 
kHz 
RL= 
10kQ, 
See Figure 1 
70°C 
140 


25°C 
2.2 


81 
Unity-gain bandwidth 
VI=10mV, 
CL = 20 pF, 
O°C 
2.5 
MHz 
See Figure 3 
70°C 
1.8 


25°C 
49° 


<Pm 
Phase margin 
VI= 
10mV, 
1=81, 
O°C 
50° 
CL = 20 pF, 
See Figure 3 
70°C 
46° 
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Because 
the TLC274x2 
is optimized 
for single-supply 
operation, 
circuit configurations 
used for the various 
tests 
often 
present 
some 
inconvenience 
since the input signal, 
in many 
cases, 
must 
be offset 
from 
ground. 
This 
inconvenience 
can be avoided 
by testing 
the device 
with split supplies 
and the output 
load tied to the negative 
rail. A comparison 
of single-supply 
versus split-supply 
test circuits is shown below. The use of either circuit gives 
the same 
result. 


voo- 


(b) SPLIT SUPPLY 


voo- 


(b) SPLIT SUPPLY 
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FIGURE 


vs High-level output current 
4,5 


VOH 
High-level output voltage 
vs Supply voltage 
6 
vs Free-air temperature 
7 


vs Common-mode 
input voltage 
8,9 


VOL 
Low-level output voltage 
vs Differential input voltage 
10 
vs Free-air temperature 
11 
vs Low-level output current 
12,13 


vs Supply voltage 
14 


AVD 
Large-signal 
differential voltage amplification 
vs Free-air temperature 
15 
vs Frequency 
26,27 


liB 
Input bias current 
vs Free-air temperature 
16 


110 
Input offset current 
vs Free-air temperature 
16 


VIC 
Common-mode 
input voltage 
vs Supply voltage 
17 


IDD 
Supply current 
vs Supply voltage 
18 
vs Free-air temperature 
19 


SR 
Slew rate 
vs Supply voltage 
20 
vs Free-air temperature 
21 


Normalized slew rate 
vs Free-air temperature 
22 


VO(PPl 
Maximum peak-to-peak 
output voltage 
vs Frequency 
23 


B1 
Unity-gain bandwidth 
vs Free-air temperature 
24 
vs Supply voltage 
25 


vs Supply voltage 
28 
<Pm 
Phase margin 
vs Free-air temperature 
29 
vs Load capacitance 
30 


Vn 
Equivalent input noise voltage 
vs Frequency 
31 


Phase shift 
vs Frequency 
26,27 
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HIGH-LEVEL OUTPUT VOLTAGE 
HIGH-LEVEL OUTPUT VOLTAGE 
vs 
vs 
HIGH-LEVEL OUTPUT CURRENT 
HIGH-LEVEL OUTPUT CURRENT 


5 
16 


VID = 100 mV 
TA = 25°C 
14 
> 
> 
I 
4 
I 
•• 
•• 
12 
'" 
'" 
.l!! 
.l!! 
;g 
;g 
10 
'5 
3 
'5 
Q. 
Q. 


'5 
'5 
8 
0 
0 
Gi 
Gi 
> 
2 
> 
•• 
•• 
6 
..J 
..J 
1; 
1; 
'" 
'" 
J: 
J: 
4 
I 
I 
J: 
J: 
~ 
~ 
2 


0 
0 
0 
-2 
-4 
-6 
-8 
-10 
0 
-5 
-10 
-15 
-20 
-25 
-30 
-35 
-40 
IOH - High-Level Output Current - mA 
IOH - High-Level Output Current - mA 


Figure 4 
Figure 5 


HIGH-LEVEL OUTPUT VOLTAGE 
HIGH-LEVEL OUTPUT VOLTAGE 
vs 
vs 
SUPPLY VOLTAGE 
FREE-AIR TEMPERATURE 


16 


14 
> 
I 
•• 
12 
'" 
.l!! 
;g 
10 
'5 
Q. 
'5 
8 
0 
Gi>•• 
6 
..J 
1; 
'"J: 
4 
I 
J: 
~ 
2 


I 
I 
_ 
VID=100mV 
/ 
RL=10kQ 
TA = 25°C 
/ 
// 
/ 
/ 


/ V 


/ / 


4 
6 
8 
10 
12 
14 
16 
Voo - Supply Voltage - V 


VOO-1.6 


IOH =-5 
mA 
> 
VOO-1.7 
VID = 100 mA 


I 
•• 
VOO-1.8 
'" 
.l!! 
;g 
VOO-1.9 
'5 
Q. 
'50 
VOO-2 
Gi>•• 
VOO-2.1 
..J 
1; 
'" 
VOO=10V 
J: 
VOO-2.2 
I 
J: 


~ 
VOO-2.3 


10 
20 
30 
40 
50 
60 
70 
TA - Free-Air Temperature - °C 
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LOW·LEVEL 
OUTPUT 
VOLTAGE 
LOW·LEVEL 
OUTPUT 
VOLTAGE 
vs 
vs 
COMMON-MODE 
INPUT VOLTAGE 
COMMON-MODE 
INPUT VOLTAGE 


700 
500 


650 
VOO= 5 V 
VOO=10V 
> 
IOL=5mA 
> 
IOL=5mA 
E 
TA = 25°C 
E 
450 
TA = 25°C 
I 
I 


CI> 
600 
CI> 
Cl 
Cl 
:l 
:l 
;g 
550 
;g 
400 
'5 
'5 
Q. 
Q. 


'5 
500 
'5 
0 
0 
a; 
a; 
350 
> 
450 
> 
CI> 
CI> 
... 
... 
:i: 
:i: 
0 
0 
... 
400 
... 
I 
I 
300 
... 
... 


-? 
350 
-? 


300 
1 
2 
3 
4 
6 
7 
8 
9 
10 
0 
1 
2 
3 
4 
5 


VIC - Common-Mode Input Voltage - V 
VIC - Common-Mode Input Voltage - V 


Figure 8 
Figure 9 


LOW-LEVEL 
OUTPUT 
VOLTAGE 
LOW·LEVEL 
OUTPUT 
VOLTAGE 
vs 
vs 
DIFFERENTIAL 
INPUT VOLTAGE 
FREE·AIR 
TEMPERATURE 


800 


> 
700 
E 
I 


CI> 
600 
Cl:l 
;g 
500 
'5 
Q. 
'5 
400 
0 
a; 
> 
CI> 
300 
... 
:i: 
0... 
200 
I... 
-? 
100 


I 
I 
I 


IOL=5mA 


1\ 


VIC = IVIDI2I- 
TA = 25°C 
\ 
\ 
Voo =5V 
I\. 
'- 
T 
I 
"'~ 


I r--- 
VOO=10V 


o o 
-1 
-2 
-3 
-4 
-5 
-6 
-7 
-8 
-9 
-10 
VIO - Oifferential Input Voltage - V 


900 


> 
800 
E 
I 
700 
CI> 
Cl 
co 
~ 
600 


'5 
500 
Q. 
'50 
a; 
400 
> 
CI>... 
300 
:i: 
0... 
I 
200 
... 
-? 
100 


IOL= 5 mA 


_VID=-1V 
VIC= 0.5 V 


VOO= 5V ---- 
-- 
---- 
- 
1-- 
,...- 
VOO=10V 


10 
20 
30 
40 
50 
60 
70 
TA - Free-Air Temperature - °c 
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LOW·LEVEL OUTPUT VOLTAGE 
vs 
LOW-LEVEL OUTPUT CURRENT 


LOW·LEVEL OUTPUT VOLTAGE 
vs 
LOW-LEVEL OUTPUT CURRENT 


VID =-1 V 
0.9 
VIC=0.5 V 
> 
TA = 25°C 
> 


I 
0.8 
I 
•• 
•• 
Cl 
0.7 
Cl 
:! 
:! 
;g 
0.6 
;g 
S 
S 
Q. 
Q. 


S 
0.5 
S 
0 
0 
a; 
0.4 
a; 
> 
> 
•• 
•• 
oJ 
oJ 
3: 
0.3 
3: 
0 
0 
oJ 
oJ 
I 
0.2 
I 
oJ 
oJ 


-? 
0.1 


-? 


0 
0 
1 
2 
3 
4 
5 
6 
7 
8 
IOL- Low-Level Output Current - mA 


Figure 12 


LARGE-SIGNAL 
DIFFERENTIAL 
VOLTAGE AMPLIFICATION 
vs 
SUPPLY VOLTAGE 


4 
6 
8 
10 
12 
14 
16 
Voo - Supply Voltage - V 


VID =-1 V 
VIC =0.5 V 
2.5 
TA = 25°C 


5 
10 
15 
20 
25 
IOL - Low-Level Output Current - mA 


LARGE·SIGNAL 
DIFFERENTIAL 
VOLTAGE AMPLIFICATION. 


vs 
FREE·AIR TEMPERATURE 


10 
20 
30 
40 
50 
60 
70 
TA - Free-Air Temperature - °c 
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< 
~ 10000 
••1: 
l!!a 
1000 


~ 


INPUT BIAS CURRENT AND 
INPUT OFFSET CURRENT 
vs 
FREE-AIR TEMPERATURE 


Voo 
10V 


VIC = 5V 
See Note A 
I 
I 


I 
I 
I 


~ 


I 
I 
.J.-"""" 
I 
liB 
-" 
"....., 
I 
"r 
IIO~ 


-" 
I 
I 
I 


35 
45 
55 
65 
TA - Free-Air Temperature - °C 


The typical values of input bias current and input offset 
current beiow 5 pA were determined mathematically. 


SUPPLY CURRENT 
vs 
SUPPLY VOLTAGE 
10 
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COMMON-MODE 
INPUT VOLTAGE 
vs 
SUPPLY VOLTAGE 


I 
I 
/ 
TA=25°C 
/ 
/ 
/ 
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Positive L1miY V 
/ 
/ 
/ 
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4 
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SUPPLY CURRENT 
vs 
FREE-AIR TEMPERATURE 
8 


7 
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No Load 
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20 
30 
40 
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TA - Free-Air Temperature - °C 
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SLEW 
RATE 
vs 
SUPPLY 
VOLTAGE 


8 
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6 
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II: 
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T 
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AV= 1 
VI(PP) = 1 V 
7 
RL = 10 kQ 
/" 
CL = 20 pF 
V 
TA = 25°C 
See Figure 1 
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NORMALIZED 
SLEW 
RATE 
vs 
FREE-AIR 
TEMPERATURE 
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SLEW 
RATE 
vs 
FREE-AIR 
TEMPERATURE 
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Figure 21 


MAXIMUM 
PEAK-TO-PEAK 
OUTPUT 
VOLTAGE 
vs 
FREQUENCY 
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Voo= 
5 V 


RL=10kQ 
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TA = 25°C 
See Figure 1 
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f - Frequency - kHz 


Figure 23 


~TEXAS 
INSTRUMENTS 


TLC274x2 
LinCMOSTM PRECISION 
OCTAL OPERATIONAL AMPLIFIER 
SLOS137-JULY 
1994 


UNITY-GAIN BANDWIDTH 
vs 
FREE-AIR TEMPERATURE 
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::IE 
I.c 
-'C 


'~ 
"tl 
C•• 
2 
mc 
'0; 
Cl 
~ 
';: 
:) 
1.5 
Im 


Voo= 
5V 


VI = 10mV 
CL = 20 pF 
See Figure 
3 


UNITY-GAIN BANDWIDTH 
vs 
SUPPLY VOLTAGE 


N 
:I: 
::IE 
I.c 
-'C 


'~ 
"tl 
C••m 
c 
'0; 
Cl 
~ 
1.5 
';: 
:) 
I 


VI = 10 mV 


CL = 20 pF 


TA = 25°C 
See Figure 
3 


4 
6 
8 
10 
12 


VOO - Supply 
Voltage - V 


LARGE-SIGNAL 
DIFFERENTIAL 
VOLTAGE 
AMPLIFICATION 
AND PHASE SHIFT 
vs 
FREQUENCY 


Voo 
=5V 
106 
RL = 10 kQ 
S 
TA = 25°C 
C 
105 
0° 


CIl 
C 
~ 0 
~;; 
.- .• 104 
30° 
o .~ 
"ii~ 
c 
Q, 


~ 
~ 
103 
60° 
;:::;: 
cb 8, 
III 


CIl 
~ .• 102 
90° 
'" 
•••• 
•• 
...J g 
.c 
I 
Q, 


C> 
10 
120° 
Cl: 


150° 


0.1 
180° 


10 
100 
1 k 
10 k 
100 k 
1M 
10 M 
f - Frequency 
- Hz 


Figure 26 


~TEXAS 
INSTRUMENTS 


53° 


52° 


51° 


c: 
'E> 
50° 


•• 
::;: 
•• 
49° 
'"•• 
J:ll. 


1 
48° 


E 
-e- 


4r 


46° 


TLC274x2 
LinCMOSTM PRECISION 
OCTAL OPERATIONAL AMPLIFIER 
SLOS137-JULY 
1994 


LARGE-SIGNAL 
DIFFERENTIAL 
VOLTAGE 
AMPLIFICATION 
AND PHASE SHIFT 
vs 
FREQUENCY 


Voo= 
10V 
RL=10kQ 


TA = 25°C 


~ 
1~ 
10 
100 
1 k 
10 k 
100 k 
1 M 
10 M 
f - Frequency - Hz 


PHASE MARGIN 
vs 
SUPPLY VOLTAGE 


PHASE MARGIN 
vs 
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EQUIVALENT INPUT NOISE VOLTAGE 
vs 
FREQUENCY 


III 
I 
I III 
VOO=5 
V 
\ 


RS= 20 Q 


TA = 25°C 
See Figure 2 
\ 


"'" ' •...• 


'-- 


10 
100 
f - Frequency - Hz 


VOO=5 
V 
VI= 10mV 


TA = 25°C 
See Figure 3 


25° o 
10 
20 
30 
40 
50 
60 
70 
80 
90 
100 
CL - Capacitive 
Load - pF 


~TEXAS 
INSTRUMENTS 


TLC27L4,TLC27L4A,TLC27L4B,TLC27L4~TLC27L9 
LinCMOSTMPRECISION QUAD OPERATIONAL AMPLIFIERS 


• 
Trimmed Offset Voltage: 


TLC27L9 ... 
900 !lV Max at 25°C, 
Voo= 
5 V 
• 
Input Offset Voltage Drift ... 
Typically 
0.1 !lV/Month, Including 
the First 30 Days 


• 
Wide Range of Supply Voltages Over 
Specified Temperature 
Range: 


O°Cto 70°C 
3 V to 16 V 
-40°C to 85°C 
4 V to 16 V 
-55°C to 125°C 
4 Vto 16 V 


• 
Single-Supply 
Operation 
• 
Common-Mode 
Input Voltage Range 
Extends Below the Negative Rail (C-Suffix, 
I-Suffix Types) 


• 
Ultra-Low Power ... 
Typically 195!lW 
at 25°C, Voo = 5 V 
• 
Output Voltage Range includes 
Negative 
Rail 


• 
High Input Impedance ... 
1012 Q Typ 


• 
ESD-Protection 
Circuitry 
• 
Small-Outline 
Package Option Also 
Available in Tape and Reel 


• 
Designed-In Latch-Up Immunity 


description 


The TLC27L4 and TLC27L9 quad operational 
amplifiers combine a wide range of input offset 
voltage grades with low offset voltage drift, high 
input impedance, extremely low power, and high 
gain. 


These devices use Texas instruments silicon-gate 
LinCMOSTMtechnology, which provides offset 
voltage 
stability 
far 
exceeding 
the 
stability 
available 
with 
conventional 
metal-gate 
pro- 
cesses. 


The extremely high input impedance, low bias 
currents, 
and 
low-power 
consumption 
make 
these cost-effective devices ideal for high-gain, 
low- frequency, 
low-power 
applications. 
Four 
offset voltage grades are available (C-suffix and 
I-suffix types), ranging from the low-costTLC27L4 
(10 mY) to the high-precision TLC27L9 (900 !lV). 
These advantages, 
in combination 
with good 
common-mode 
rejection 
and 
supply 
voltage 
rejection, make these devices a good choice for 
new 
state-of-the-art 
designs 
as 
well 
as 
for 
upgrading existing designs. 


PRODUCTION 
DATA 
Information 
Is 
current 
as 
01 publication 
date. 


Products 
conform 
to specificatIons 
per the terms 
of Texas Instruments 
standard warranty. Production processing does not necessarily include 
testing of all parameters. 
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TLC27L4,TLC27L4A,TLC27L4B,TLC27L4~TLC27L9 
LinCMOSTM PRECISION QUAD OPERATIONAL AMPLIFIERS 


description 
(continued) 


In general, many features associated with bipolar technology are available on LinCMOSTMoperational 
amplifiers, without the power penalties of bipolar technology. General applications such as transducer 
interfacing, analog calculations. amplifier blocks, active filters, and signal buffering are easily designed with the 
TLC27L4 and TLC27L9. The devices also exhibit low voltage single-supply operation and ultra-low power 
consumption. making them ideally suited for remote and inaccessible battery-powered applications. The 
common-mode input voltage range includes the negative rail. 


A wide range of packaging options is available, including small-outline and chip-carrier versions for high-density 
system applications. 


The device inputs and outputs are designed to withstand -1 OO-mAsurge currents without sustaining latch-up. 


The TLC27L4 and TLC27L9 incorporate internal ESD-protection circuits that prevent functional failures at 
voltages up to 2000 V as tested under MIL-STD-883C, Method 3015.2; however. care should be exercised in 
handling these devices, as exposure to ESD may result in the degradation of the device parametric 
performance. 


The C-suffix devices are characterized for operation from O°Cto 70°C. The I-suffix devices are characterized 
for operation from -40°C to 85°C. The M-suffix devices are characterized for operation from -55°C to 125°C. 


PACKAGED 
DEVICES 


VIOmax 
CHIP 
TA 
SMALL 
CHIP 
CERAMIC 
PLASTIC 
TSSOP 
FORM 
AT 25°C 
OUTLINE 
CARRIER 
DIP 
DIP 
(D) 
(FK) 
(J) 
(N) 
(PW) 
(V) 


900~J.V 
TLC27L9CD 
- 
- 
TLC27L9CN 
- 
- 


2mV 
TLC27L4BCD 
- 
- 
TLC27L4BCN 
- 
- 
O°C to 70°C 
5mV 
TLC27L4ACD 
- 
- 
TLC27L4ACN 
- 
- 


10mV 
TLC27L4CD 
- 
- 
TLC27L4CN 
TLC27L4CPW 
TLC27L4Y 


900 ~V 
TLC27L91D 
- 
- 
TLC27L91N 
- 
- 


2mV 
TLC27L4BID 
- 
- 
TLC27L4BIN 
- 
- 
-40°C 
to 85°C 
5mV 
TLC27L4AID 
- 
- 
TLC27L4AIN 
- 
- 


10mV 
TLC27L41D 
- 
- 
TLC27L41N 
- 
- 


900~V 
TLC27L9MD 
TLC27L9MFK 
TLC27L9MJ 
TLC27L9MN 
- 
- 
-55°C 
to 125°C 


10mV 
TLC27L4MD 
TLC27L4MFK 
TLC27L4MJ 
TLC27L4MN 
- 
- 
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TLC27L4Y chip information 


These chips, when properly assembled, display characteristics similar to the TLC27L4C. Thermal compression 
or ultrasonic bonding may be used on the doped-aluminum bonding pads. Chips may be mounted with 
conductive epoxy or a gold-silicon preform. 


11N+ 
10UT 
11N- 


21N+ 
20UT 
21N- 


30UT 


41N+ 


41N- 


IlIl 
108 
~ 


j'I'I'I'I'I'I'I'I'III'I'III'I'III'I'III'I'I'I'I'I'I'I'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1 
CHIP THICKNESS: 
15 TYPICAL 


BONDING 
PADS: 4 x 4 MINIMUM 


TJmax = 150°C 


TOLERANCES 
ARE ±10%. 


ALL DIMENSIONS 
ARE IN MILS. 


PIN (11) IS INTERNALLY 
CONNECTED 
TO BACKSIDE 
OF CHIP. 
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TLC27L4, TLC27L4A, TLC27L4B,TLC27L4~TLC27L9 
LinCMOSTM PRECISION QUAD OPERATIONAL AMPLIFIERS 


absolute maximum ratings over operating free-air temperature (unless otherwise noted)t 


Supply voltage, Voo (see Note 1) 
18 V 
Differential input voltage, VID (see Note 2) 
±Voo 
Input voltage range, VI (any input) 
-0.3 V to Voo 
Input current, II 
±5 mA 
Output current, 10 (each output) 
±30 mA 
Total current into Voo 
45 mA 
Total current out of GND 
45 mA 
Duration of short-circuit current at (or below) 25°C (see Note 3) 
unlimited 
Continuous total dissipation 
See Dissipation Rating Table 
Operating free-air temperature, TA: C suffix 
O°Cto 70°C 
I suffix 
-40°C to 85°C 
M suffix 
-55°C to 125°C 
Storage temperature range 
-65°C to 150°C 
Case temperature for 60 seconds: FK package 
260°C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: D, N, or PW package 
260°C 
Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds: J package 
300°C 


t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 


functional 
operation of the device at these or any other conditions 
beyond those indicated under "recommended 
operating conditions" 
is not 
implied. Exposure to absolute-maximum-rated 
conditions for extended periods may affect device reliability. 
NOTES: 
1. 
All voltage values, except differential voltages, are with respect to network ground. 
2. 
Oifferential voltages are at IN+ with respect to IN-. 


3. 
The output may be shorted to either supply. Temperature 
and/or 
supply voltages must be limited to ensure that the maximum 
dissipation rating is not exceeded (see appiication section). 


PACKAGE 
TA S 25°C 
DERATING 
FACTOR 
TA = 70°C 
TA = 85°C 
TA = 125°C 
POWER RATING 
ABOVE TA = 25°C 
POWER RATING 
POWER RATING 
POWER RATING 


0 
950mW 
7.6 mW/oC 
608mW 
494mW 
- 


FK 
1375 mW 
11.0 mW/oC 
880mW 
715mW 
275 mW 


J 
1375mW 
11.0mW/oC 
880mW 
715mW 
275mW 


N 
1575mW 
12.6 mW/oC 
1008mW 
819mW 
- 


PW 
700mW 
5.6 mW/oC 
448mW 
- 
- 


C SUFFIX 
I SUFFIX 
M SUFFIX 
UNIT 
MIN 
MAX 
MIN 
MAX 
MIN 
MAX 


Supply voltage, VOO 
3 
16 
4 
16 
4 
16 
V 
IVOO = 5 V 
-0.2 
3.5 
-0.2 
3.5 
0 
3.5 
Common-mode 
input voltage, VIC I 
V 
VOO = 10V 
-0.2 
8.5 
-0.2 
8.5 
0 
8.5 


Operating free-air temperature, 
TA 
0 
70 
-40 
85 
-55 
125 
°C 
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LinCMOSTM PRECISION QUAD OPERATIONAL AMPLIFIERS 


TLC27L4C 
TLC27L4AC 


PARAMETER 
TEST CONDITIONS 
TAt 
TLC27L4BC 
UNIT 
TLC27L9C 


MIN 
TYP 
MAX 


VO=1.4V, 
VIC=O, 
25°C 
1.1 
10 
TLC27L4C 
RS = 50 n, 
RL= 
1 MQ 
Full range 
12 
mV 
VO=1.4V, 
VIC=O, 
25°C 
0.9 
5 
TLC27L4AC 
RS = 50 n, 
RL= 
1 MQ 
Full range 
6.5 
VIO 
Input offset voltage 
25°C 
240 
2000 
TLC27L4BC 
VO=1.4V, 
VIC=O, 


RS = 50 n, 
RL= 
1 MQ 
Full range 
3000 


25°C 
200 
900 
~V 


TLC27L9C 
VO=1.4V, 
VIC=O. 


RS = 50 n, 
RL= 
1 MQ 
Full range 
1500 


Average temperature 
coefficient of input 
25°C to 
1.1 
~V!OC 
aVIO 
offset voltage 
70°C 


25°C 
0.1 
110 
Input offset current (see Note 4) 
VO=2.5V. 
VIC =2.5 V 
70°C 
7 
300 
pA 


25°C 
0.6 
liB 
Input bias current (see Note 4) 
VO=2.5V. 
VIC =2.5 V 
70°C 
40 
600 
pA 


-0.2 
-0.3 
25°C 
to 
to 
V 


Common mode input voltage range 
4 
4.2 
VICR 
(see Note 5) 
-0.2 
Full range 
to 
V 
3.5 


25°C 
3.2 
4.1 


VOH 
High-level output voltage 
VIO = 100mV, 
RL= 
1 MQ 
O°C 
3 
4.1 
V 


70°C 
3 
4.2 


25°C 
0 
50 


VOL 
Low-level output voltage 
VIO = -100 
mV, 
10L=0 
O°C 
0 
50 
mV 


70°C 
0 
50 


25°C 
50 
520 


AVO 
Large-signal 
differential voltage 
VO=2.5Vt02V. 
RL= 
1 MQ 
O°C 
50 
680 
V!mV 
amplification 
70°C 
50 
380 


25°C 
65 
94 


CMRR 
Common-mode 
rejection ratio 
VIC = VICRmin 
O°C 
60 
95 
dB 


70°C 
60 
95 


25°C 
70 
97 


kSVR 
Supply-voltage 
rejection ratio 
VOO=5Vt010V, 
VO=1.4V 
O°C 
60 
97 
dB 
(lI.VOO!lI.VIO) 
70°C 
60 
98 


25°C 
40 
68 


100 
Supply current (four amplifiers) 
VO=2.5V. 
VIC =2.5 V, 
O°C 
48 
84 
~ 
No load 
70°C 
31 
56 
t Full range is O°C to 70°C. 
NOTES: 
4. 
The typical values of input bias current and input offset current below 5 pA were determined 
mathematically. 


5. 
This range also applies to each input individually. 
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TLC27L4C 
TLC27L4AC 


PARAMETER 
TEST CONDITIONS 
TAt 
TLC27L4BC 
UNIT 
TLC27L9C 


MIN 
TYP 
MAX 


VO=1.4V, 
VIC=O, 
25°C 
1.1 
10 
TLC27L4C 
RS=50n, 
RL= 
1 Mn 
Full range 
12 
mV 
VO=1.4V, 
VIC=O, 
25°C 
0.9 
5 
TLC27L4AC 
RS = 50 n, 
RL= 
1 Mn 
Full range 
6.5 
VIO 
Input offset voltage 
25°C 
260 
2000 
TLC27L4BC 
VO=1.4V, 
VIC=O, 
RS = 50 n, 
RL= 
1 Mn 
Full range 
3000 


25°C 
210 
1200 
~V 


TLC27L9C 
VO=1.4V, 
VIC=O, 
RS = 50 n, 
RL= 
1 Mn 
Full range 
1900 


Average temperature 
coefficient of 
25°C to 
1 
~V/oC 
aVIO 
input offset voltage 
70°C 


25°C 
0.1 
110 
Input offset current (see Note 4) 
Vo = 5 V, 
VIC =5 V 
70°C 
7 
pA 
300 


25°C 
0.7 
liB 
Input bias current (see Note 4) 
Vo = 5 V, 
VIC = 5 V 
70°C 
50 
600 
pA 


-0.2 
-0.3 
25°C 
to 
to 
V 


Common-mode 
input voltage range 
9 
9.2 
VICR 
(see Note 5) 
-0.2 
Full range 
to 
V 
8.5 


25°C 
8 
8.9 


VOH 
High-level output voltage 
VIO = 100 mY, 
RL= 
1 Mn 
O°C 
7.8 
8.9 
V 


70°C 
7.8 
8.9 


25°C 
0 
50 


VOL 
Low-level output voltage 
VIO=-100mV, 
10L=0 
O°C 
0 
50 
mV 


70°C 
0 
50 


25°C 
50 
870 


AVO 
Large-signal differential voltage 
VO=1 
Vt06V, 
RL= 
1 Mn 
O°C 
50 
1020 
V/mV 
amplification 
70°C 
50 
660 


25°C 
65 
97 


CMRR 
Common-mode 
rejection ratio 
VIC = VICRmin 
O°C 
60 
97 
dB 


70°C 
60 
97 


25°C 
70 
97 


kSVR 
Supply-voltage 
rejection ratio 
VOO=5Vt010V, 
VO=1.4V 
O°C 
60 
97 
dB 
(tNOO/AVIO) 
70°C 
60 
98 


25°C 
57 
92 


too 
Supply current (four amplifiers) 
Vo =5V, 
VIC = 5 V, 
O°C 
72 
132 
~ 
No load 
70°C 
44 
80 
t Full range is O°C to 70°C. 
NOTES: 
4. 
The typical values of input bias current and input offset current below 5 pA were determined 
mathematically. 
5. 
This range also applies to each input individually. 
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TLC27L41 
TLC27L4AI 


PARAMETER 
TEST CONDITIONS 
TAt 
TLC27L4BI 
UNIT 
TLC27L91 


MIN 
TYP 
MAX 


VO=1.4V, 
V'C=O, 
25°C 
1.1 
10 
TLC27L41 
RS=5011, 
RL= 
1 MQ 
Full range 
13 
mV 
VO=1.4V, 
VIC=O, 
25°C 
0.9 
5 
TLC27L4AI 
RS = 50 11, 
RL= 
1 MQ 
Full range 
7 
VIO 
Input offset voltage 
25°C 
240 
2000 
TLC27L4BI 
VO=1.4V, 
VIC=O, 


RS = 50 11, 
RL= 
1 MQ 
Full range 
3500 


25°C 
200 
900 
lJ.V 


TLC27L91 
VO=1.4V, 
VIC=O, 


RS = 50 11, 
RL= 
1 MQ 
Full range 
2000 


Average temperature 
coefficient of input 
25°C to 
1.1 
lJ.V/oC 
aVIO 
offset voltage 
85°C 


25°C 
0.1 
110 
Input offset current (see Note 4) 
Vo = 2.5 V, 
VIC =2.5V 
85°C 
24 
1000 
pA 


25°C 
0.6 
liB 
Input bias current (see Note 4) 
VO=2.5V, 
VIC=2.5V 
85°C 
200 
2000 
pA 


-0.2 
-0.3 
25°C 
to 
to 
V 


Common-mode 
input voltage range 
4 
4.2 
VICR 
(see Note 5) 
-0.2 
Full range 
to 
V 
3.5 


25°C 
3.2 
4.1 


VOH 
High-level output voltage 
VID= 
100 mV, 
RL= 
1 MQ 
-40°C 
3 
4.1 
V 


85°C 
3 
4.2 


25°C 
0 
50 


VOL 
Low-level output voltage 
VID=-100mV, 
10L=0 
-40°C 
0 
50 
mV 


85°C 
0 
50 


25°C 
50 
480 


AVO 
Large-signal 
differential voltage 
VO=0.25Vt02V, 
RL= 
1 MQ 
-40°C 
50 
900 
V/mV 
amplification 
85°C 
50 
330 


25°C 
65 
94 


CMRR 
Common-mode 
rejection ratio 
VIC = VICRmin 
-40°C 
60 
95 
dB 


85°C 
60 
95 


25°C 
70 
97 


kSVR 
Supply-voltage 
rejection ratio 
VOO = 5 V to 10 V, 
VO=1.4V 
-40°C 
60 
97 
dB 
(tNOO/t.VIO) 
85°C 
60 
98 


25°C 
39 
68 


100 
Supply current (four amplifiers) 
VO=2.5V, 
VIC=2.5 
V, 
-40°C 
62 
108 
lJ.A 
No load 
85°C 
29 
52 
t Full range is -40°C 
to 85°C. 
NOTES: 
4. 
The typical values of input bias current and input offset current below 5 pA were determined 
mathematically. 


5. 
This range also applies to each input individually. 


~TEXAS 
INSTRUMENTS 


TLC27L4, TLC27L4A,TLC27L4B, 
TLC27L4~ TLC27L9 
LinCMOSTM PRECISION QUAD OPERATIONAL AMPLIFIERS 


TLC27L41 
TLC27L4AI 


PARAMETER 
TEST CONDITIONS 
TAt 
TLC27L4BI 
UNIT 
TLC27L91 


MIN 
TYP 
MAX 


VO=1.4V, 
VIC=O, 
25°C 
1.1 
10 
TLC27L41 
RS = 50 n, 
RL= 
1 MQ 
Full range 
13 
mV 
VO=1.4V, 
VIC=O, 
25°C 
0.9 
5 
TLC27L4AI 
RS = 50 Q, 
RL= 
1 MQ 
Full range 
7 
VIO 
Input offset voltage 
25°C 
260 
2000 
TLC27L4BI 
VO=1.4V, 
VIC=O, 


RS = 50 n, 
RL= 
1 MQ 
Full range 
3500 


25°C 
210 
1200 
!LV 


TLC27L91 
VO=1.4V, 
VIC=O, 


RS=50n, 
RL= 
1 MQ 
Full range 
2900 


Average temperature 
coefficient of input 
25°C to 
1 
!LV/oC 
aVIO 
offset voltage 
85'C 


25°C 
0.1 
110 
Input offset current (see Note 4) 
Vo = 5 V, 
VIC = 5 V 
85°C 
26 
1000 
pA 


25°C 
0.7 
liB 
Input bias current (see Note 4) 
Va = 5 V, 
VIC =.5 V 
85°C 
220 
2000 
pA 


-0.2 
-0.3 
25'C 
to 
to 
V 


Common-mode 
input voltage range 
9 
9.2 
VICR 
(see Note 5) 
-0.2 
Full range 
to 
V 
8.5 


25°C 
8 
8.9 


VOH 
High-level output voltage 
VIO = 100 mY, 
RL= 
1 MQ 
-40°C 
7.8 
8.9 
V 


85°C 
7.8 
8.9 


25°C 
0 
50 


VOL 
Low-level output voltage 
VIO = -100 mV, 
10L=0 
-40°C 
0 
50 
mV 


85°C 
0 
50 


25°C 
50 
800 


AVO 
Large-signal 
differential voltage 
VO=1Vt06V, 
RL= 
1 MQ 
-40°C 
50 
1550 
V/mV 
amplification 
85°C 
50 
585 


25°C 
65 
97 


CMRR 
Common-mode 
rejection ratio 
VIC = VICRmin 
-40°C 
60 
97 
dB 


85°C 
60 
98 


25°C 
70 
97 


kSVR 
Supply-voltage 
rejection ratio 
VOO=5Vt010V, 
VO=1.4V 
-40°C 
60 
97 
dB 
(!,vOoitNIO) 
85°C 
60 
98 


25°C 
57 
92 


'00 
Supply current (four amplifiers) 
Vo = 5 V, 
VIC=5 
V, 
-40°C 
98 
172 
!LA 
No load 
85°C 
40 
72 
t Full range is -40'C 
to 85'C. 
NOTES: 
4. 
The typical values of input bias current and input offset current below 5 pA were determined 
mathematically. 


5. 
This range also applies to each input individually. 


~TEXAS 
INSTRUMENTS 


TLC27L4, TLC27L4A,TLC27L4B, 
TLC27L4~TLC27L9 
LinCMOSTM PRECISION QUAD OPERATIONAL AMPLIFIERS 


TLC27L4M 


PARAMETER 
TEST CONDITIONS 
TAt 
TLC27L9M 
UNIT 


MIN 
TYP 
MAX 


VO=1.4V, 
VIC=O, 
25°C 
1.1 
10 


TLC27L4M 
mV 
RS = 50 Q, 
RL= 
1 MQ 
Full range 
12 
VIO 
Input offset voltage 
25°C 
200 
900 
TLC27L9M 
VO=1.4V, 
VIC=O, 
llV 
RS = 50 Q, 
RL= 
1 MQ 
Full range 
3750 


Average temperature 
coefficient of input 
25°C to 
1.4 
llV/oC 
aVIO 
offset voltage 
125°C 


25°C 
0.1 
pA 
110 
Input offset current (see Note 4) 
VO=2.5V, 
VIC =2.5 V 
125°C 
1.4 
15 
nA 


25°C 
0.6 
pA 
liB 
Input bias current (see Note 4) 
VO=2.5V, 
VIC=2.5 
V 
125°C 
9 
35 
nA 


-0.2 
-0.3 
25°C 
to 
to 
V 


Common-mode 
input voltage range 
4 
4.2 
VICR 
(see Note 5) 
-0.2 
Full range 
to 
V 
3.5 


25°C 
3.2 
4.1 


VOH 
High-level output voltage 
VIO= 
100 mV, 
RL= 
1 MQ 
-55°C 
3 
4.1 
V 


125°C 
3 
4.2 


25°C 
0 
50 


VOL 
Low-level output voltage 
VIO = -100 mY, 
10L=0 
-55°C 
0 
50 
mV 


125°C 
0 
50 


25°C 
50 
480 


Avo 
Large-signal 
differential voltage 
VO=0.25Vt02V, 
RL= 
1 MQ 
-55°C 
25 
950 
V/mV 
amplification 
125°C 
25 
200 


25°C 
65 
94 


CMRR 
Common-mode 
rejection ratio 
VIC = VICRmin 
-55°C 
60 
95 
dB 


125°C 
60 
85 


25°C 
70 
97 


kSVR 
Supply-voltage 
rejection ratio 
VOO = 5 V to 10 V, 
VO=1.4V 
-55°C 
60 
97 
dB 
(6Voo/6V10) 
125°C 
60 
98 


25°C 
39 
68 


100 
Supply current (four amplifiers) 
VO= 
2.5 V, 
VIC=2.5 
V, 
-55°C 
69 
120 
llA 
No load 
125°C 
27 
48 
t Full range is -55°C 
to 125°C. 


NOTES: 
4. 
The typical values of input bias current and input offset current below 5 pA were determined 
mathematically. 
5. 
This range also applies to each input individually. 


~TEXAS 
INSTRUMENTS 


TLC27L4,TLC27L4A,TLC27L4B, 
TLC27L4~ TLC27L9 
LinCMOSTM PRECISION QUAD OPERATIONAL AMPLIFIERS 


TLC27L4M 


PARAMETER 
TEST CONDITIONS 
TAt 
TLC27L9M 
UNIT 


MIN 
TYP 
MAX 


VO=1.4V. 
VIC=O, 
25°C 
1.1 
10 
TLC27L4M 
mV 
RS = 50 n. 
RL= 
1 MQ 
Full range 
12 
VIO 
Input offset voltage 
25°C 
210 
1200 
TLC27L9M 
VO=1.4V, 
VIC=O, 
~V 
RS=50Q, 
RL= 
1 MQ 
Full range 
4300 


Average temperature 
coefficient of 
25°C to 
1.4 
~V/oC 
aVIO 
input offset voltage 
125°C 


25°C 
0.1 
pA 
110 
Input offset current (see Note 4) 
Vo = 5 V. 
VIC = 5 V 
125°C 
1.8 
15 
nA 


25°C 
0.7 
pA 
liB 
Input bias current (see Note 4) 
Vo = 5 V, 
VIC = 5 V 
125°C 
10 
35 
nA 


0 
-0.3 
25°C 
to 
to 
V 


Common-mode 
input voltage range 
9 
9.2 
VICR 
(see Note 5) 
0 
Full range 
to 
V 
8.5 


25°C 
8 
8.9 


VOH 
High-level output voltage 
VIO = 100mV, 
RL= 1 MQ 
-55°C 
7.8 
8.8 
V 


125°C 
7.8 
9 


25°C 
0 
50 


VOL 
Low-level output voltage 
VIO = -100 
mV. 
10L=0 
-55°C 
0 
50 
mV 


125°C 
0 
50 


25°C 
50 
800 


AVO 
Large-signal differential voltage 
VO=1Vt06V. 
RL= 
1 MQ 
-55°C 
25 
1750 
V/mV 
amplification 
125°C 
25 
380 


25°C 
65 
97 


CMRR 
Common-mode 
rejection ratio 
VIC = VICRmin 
-55"C 
60 
97 
dB 


125°C 
60 
91 


25°C 
70 
97 


kSVR 
Supply-voltage 
rejection ratio 
VOO=5Vt010V, 
VO=1.4V 
-55°C 
60 
97 
dB 
(tNOO/t.VIO) 
125°C 
60 
98 


25°C 
57 
92 


100 
Supply current (four amplifiers) 
Vo = 5 V. 
VIC= 
5 V, 
-55°C 
111 
192 
~A 
No load 
125°C 
35 
60 
t Full range is -55°C 
to 125°C. 
NOTES: 
4. 
The typical values of input bias current and Input offset current below 5 pA were determined 
mathematically. 
5. 
This range also applies to each input individually. 


~TEXAS 
INSTRUMENTS 


TLC27L4,TLC27L4A,TLC27L4B,TLC27L4~TLC27L9 
LinCMOSTM PRECISION 
QUAD OPERATIONAL 
AMPLIFIERS 


electrical 
characteristics 
at specified 
free-air temperature, 
Voo = 5 V, TA = 25°C (unless otherwise 
noted) 


TLC27L4Y 
PARAMETER 
TEST CONDITIONS 
UNIT 
MIN 
TYP 
MAX 


VIO 
Input offset voltage 
VO=1.4V, 
VIC=O, 
1.1 
10 
mV 
RS = 50 n, 
RL= 
1 Mil 


aVIO 
Average temperature 
coefficient of input offset voltage 
TA = 25°C to 70°C 
1.1 
IlV/0C 


110 
Input offset current (see Note 4) 
VO=2.5V, 
VIC =2.5 V 
0.1 
pA 


liB 
Input bias current (see Note 4) 
VO=2.5 
V, 
VIC =2.5 V 
0.6 
pA 


-0.2 
-0.3 


VICR 
Common-mode 
input voltage range (see Note 5) 
to 
to 
V 
4 
4.2 


VOH 
High-level output voltage 
VIO= 
100 mV, 
RL= 
1 Mil 
3.2 
4.1 
V 


VOL 
Low-level output voltage 
VIO = -100 mV, 
10L=0 
0 
50 
mV 


AVO 
Large-signal 
differential voltage amplification 
Vo = 0.25 V to 2 V, 
RL= 
1 Mil 
50 
520 
V/mV 


CMRR 
Common-mode 
rejection ratio 
VIC = VICRmin 
65 
94 
dB 


kSVR 
Supply-voltage 
rejection ratio (8VOO/tNI0) 
VOO = 5 V to 10 V, 
VO=1.4V 
70 
97 
dB 


100 
Supply current (four amplifiers) 
VO=2.5V, 
VIC=2.5 
V, 
40 
68 
IlA 
No load 


electrical 
characteristics 
at specified free-air temperature, 
Voo = 10 V, TA = 25°C (unless otherwise 
noted) 


TLC27L4Y 
PARAMETER 
TEST CONDITIONS 
UNIT 
MIN 
TYP 
MAX 


VIO 
Input offset voltage 
VO=1.4V, 
VIC=O, 
1.1 
10 
mV 
RS = 50 n, 
RL= 
1 Mil 


aVIO 
Average temperature 
coefficient of input offset voltage 
TA = 25°C to 70°C 
1 
IlVfOC 


110 
Input offset current (see Note 4) 
Vo = 5 V, 
VIC =5 V 
0.1 
pA 


liB 
Input bias current (see Note 4) 
Vo = 5 V, 
VIC=5 
V 
0.7 
pA 


-0.2 
-0.3 


VICR 
Common-mode 
input voltage range (see Note 5) 
to 
to 
V 
9 
9.2 


VOH 
High-level output voltage 
VIO = 100 mV, 
RL= 
1 Mil 
8 
8.9 
V 


VOL 
Low-level output voltage 
VIO = -100 mV, 
10L=0 
0 
50 
mV 


AVO 
Large-signal 
differential voltage amplification 
Vo = 1 Vto 6V, 
RL= 
1 Mil 
50 
870 
V/mV 


CMRR 
Common-mode 
rejection ratio 
VIC = VICRmin 
65 
97 
dB 


kSVR 
Supply-voltage 
rejection ratio (8VOO/8VI0) 
VOO = 5 V to 10 V, 
Vo = 1.4 V 
70 
97 
dB 


100 
Supply current (four amplifiers) 
Vo = 5 V, 
VIC=5 
V, 
57 
92 
)lA 
No load 


NOTES: 
4. 
The typical values of input bias current and input offset current below 5 pA were determined 
mathematically. 


5. 
This range also applies to each input individually. 


~TEXAS 
INSTRUMENTS 


TLC27L4,TLC27L4A,TLC27L4B,TLC27L4~TLC27L9 
LinCMOSTM PRECISION 
QUAD OPERATIONAL 
AMPLIFIERS 


TLC27L4C 
TLC27L4AC 


PARAMETER 
TEST CONDITIONS 
TA 
TLC27L4BC 
UNIT 
TLC27L9C 


MIN 
TYP 
MAX 


25°e 
0.03 


VIPP= 
1 V 
ooe 
0.04 
RL = 1 MQ, 
700e 
0.03 
SR 
Slew rate at unity gain 
eL = 20 pF, 
VII'S 
See Figure 1 
25°e 
0.03 


VIPP= 
2.5 V 
ooe 
0.03 


700e 
0.02 


Vn 
Equivalent input noise voltage 
1= 
1 kHZ, 
RS=200, 
25°e 
70 
nV/-JRZ 
See Figure 2 


25°e 
5 


80M 
Maximum output-swing 
bandwidth 
VO= 
VOH, 
eL = 20 pF, 
ooe 
6 
kHz 
RL= 
1 MO, 
See Figure 1 
700e 
4.5 


25°e 
85 


81 
Unity-gain bandwidth 
V,=10mV, 
eL = 20 pF, 
ooe 
100 
kHz 
See Figure 3 
700e 
65 


25°e 
34° 


"'m 
Phase margin 
VI= 
10mV, 
1=81, 
ooe 
36° 
eL = 20 pF, 
See Figure 3 
700e 
30° 


TLC27L4C 
TLC27L4AC 


PARAMETER 
TEST CONDITIONS 
TA 
TLC27L4BC 
UNIT 
TLC27L9C 


MIN 
TYP 
MAX 


25°e 
0.05 


VIPP= 
1 V 
ooe 
0.05 
RL= 
1 MQ, 
700e 
0.04 
SR 
Slew rate at unity gain 
eL = 20 pF, 
V/flS 
See Figure 1 
25°e 
0.04 


VIPP= 
5.5 V 
ooe 
0.05 


700e 
0.04 


Vn 
Equivalent input noise voltage 
1= 1 kHz 
RS=200, 
25°e 
70 
nV/-JRZ 
See Figure 2 


25°e 
1 


80M 
Maximum output-swing 
bandwidth 
VO= 
VOH, 
eL =20 pF, 
ooe 
1.3 
kHz 
RL= 
1 MO, 
See Figure 1 
700e 
0.9 


25°e 
110 


81 
Unity-gain bandwidth 
VI = 10 mV, 
eL = 20 pF, 
ooe 
125 
kHz 
See Figure 3 
700e 
90 


25°e 
38° 


"'m 
Phase margin 
VI= 
10mV, 
1=81, 
ooe 
40° 
eL = 20 pF, 
See Figure 3 
700e 
34° 


~TEXAS 
INSTRUMENTS 


TLC27L4,TLC27L4A,TLC27L4B,TLC27L4~TLC27L9 
LinCMOSTM PRECISION QUAD OPERATIONAL AMPLIFIERS 


TLC27L41 
TLC27L4AI 


PARAMETER 
TEST CONDITIONS 
TA 
TLC27L4BI 
UNIT 
TLC27L91 


MIN 
TYP 
MAX 


25°C 
0.03 


VIPP; 
1 V 
-40°C 
0.04 
RL; 
1 MQ, 
85°C 
0.03 
SR 
Slew rate at unity gain 
CL; 
20 pF. 
V/IJS 
See Figure 1 
25°C 
0.03 


VIPP; 
2.5 V 
-40°C 
0.04 


85°C 
0.02 


Vn 
Equivalent input noise voltage 
I; 
1 HZ, 
RS; 
20 Q. 
25°C 
70 
nV/..[HZ 
See Figure 2 


25°C 
5 


80M 
Maximum output-swing 
bandwidth 
VO; 
VOH. 
CL; 
20 pF. 
-40°C 
7 
kHz 
RL; 
1 MQ. 
See Figure 1 
85°C 
4 


25°C 
85 


81 
Unity-gain bandwidth 
VI; 
10mV, 
CL; 
20 pF. 
-40°C 
130 
kHz 
See Figure 3 
85°C 
55 


25°C 
34° 


<l>m 
Phase margin 
VI; 
10mV. 
1;81. 
-40°C 
38° 
CL; 
20 pF, 
See Figure 3 
85°C 
28° 


TLC27L41 
TLC27L4AI 


PARAMETER 
TEST CONDITIONS 
TA 
TLC27L4BI 
UNIT 
TLC27L91 


MIN 
TYP 
MAX 


25°C 
0.05 


VIPP; 
1 V 
-40°C 
0.06 
RL; 
1 MQ, 
85°C 
0.03 
SR 
Slew rate at unity gain 
CL; 
20 pF, 
V/Jls 
See Figure 1 
25°C 
0.04 


VIPP; 
2.5V 
-40°C 
0.05 


85°C 
0.03 


Vn 
Equivalent input noise voltage 
I; 
1 HZ. 
RS;20Q. 
25°C 
70 
nV!v'HZ 
See Figure 2 


25°C 
1 


80M 
Maximum output-swing 
bandwidth 
Va; 
VOH. 
CL; 
20 pF, 
-40°C 
1.4 
kHz 
RL; 
1 MQ. 
See Figure 1 
85°C 
0.8 


25°C 
110 


81 
Unity-gain bandwid1h 
VI; 
10mV, 
CL; 
20 pF. 
-40°C 
155 
kHz 
See Figure 3 
85°C 
80 


25°C 
38° 


<l>m 
Phase margin 
VI; 
10mV, 
1;81. 
-40°C 
42° 
CL; 
20 pF. 
See Figure 3 
85°C 
32° 


~TEXAS 
INSTRUMENTS 


TLC27L4,TLC27L4A,TLC27L4B,TLC27L4~TLC27L9 
LinCMOSTM PRECISION QUAD OPERATIONAL 
AMPLIFIERS 


TLC27L4M 


PARAMETER 
TEST CONDITIONS 
TA 
TLC27L9M 
UNIT 


MIN 
TYP 
MAX 


25°C 
0.03 


V\PP = 1 V 
-55°C 
0.04 
RL= 
1 MQ, 
125°C 
0.02 
SR 
Slew rate at unity gain 
CL = 20 pF, 
V/IlS 
See Figure 1 
25°C 
0.03 


VIPP= 
2.5 V 
-55°C 
0.04 


125°C 
0.02 


Vn 
Equivalent input noise voltage 
1= 1 kHz, 
RS=20Q, 
25°C 
70 
nV/,JHZ 
See Figure 2 


25°C 
5 


80M 
Maximum output-swing 
bandwidth 
VO= 
VOH, 
CL = 20 pF, 
-55°C 
8 
kHz 
RL= 
1 MQ, 
See Figure 1 
125°C 
3 


25°C 
85 


81 
Unity-gain bandwidth 
VI = 10 mV, 
CL = 20 pF, 
-55°C 
140 
kHz 
See Figure 3 
125°C 
45 


25°C 
34° 


<l>m 
Phase margin 
VI=10mV, 
1= 81, 
-55°C 
39° 
CL = 20 pF, 
See Figure 3 
125°C 
25° 


TLC27L4M 


PARAMETER 
TEST CONDITIONS 
TA 
TLC27L9M 
UNIT 


MIN 
TYP 
MAX 


25°C 
0.05 


VIPP = 1 V 
-55°C 
0.06 
RL= 
1 MQ, 
125°C 
0.03 
SR 
Slew rate at unity gain 
CL =20 pF, 
V/IlS 
See Figure 1 
25°C 
0.04 


VIPP= 
5.5 V 
-55°C 
0.06 


125°C 
0.03 


Vn 
Equivalent input noise voltage 
1= 1 kHz, 
RS = 20Q, 
25°C 
70 
nV/,JHZ 
See Figure 2 


25°C 
1 


80M 
Maximum output-swing 
bandwidth 
VO= 
VOH, 
CL = 20 pF, 
-55°C 
1.5 
kHz 
RL= 
1 MQ, 
See Figure 1 
125°C 
0.7 


25°C 
110 


81 
Unity-gain bandwidth 
VI = 10 mV, 
CL = 20 pF, 
-55°C 
165 
kHz 
See Figure 3 
125°C 
70 


25°C 
38° 


<l>m 
Phase margin 
VI= 
10 mV, 
1=81, 
-55°C 
43° 
CL = 20 pF, 
See Figure 3 
125°C 
29° 


~TEXAS 
INSTRUMENTS 


TLC27L4, TLC27L4A,TLC27L4B,TLC27L4~TLC27L9 
LinCMOSTM PRECISION QUAD OPERATIONAL AMPLIFIERS 


TLC27L4Y 
PARAMETER 
TEST CONDITIONS 
UNIT 
MIN 
TYP 
MAX 


RL= 
1 Mil, 
VIPP = 1 V 
0.03 
SR 
Slew rate at unity gain 
CL = 20 pF, 
V/IlS 
See Figure 1 
VIPP = 2.5 V 
0.03 


Vn 
Equivalent input noise voltage 
1= 1 kHz, 
RS =20 il, 
70 
nV/VHZ 
See Figure 2 


60M 
Maximum output-swing 
bandwidth 
VO= 
VOH, 
CL = 20 pF, 
5 
kHz 
RL= 
1 Mil, 
See Figure 1 


61 
Unity-gain bandwidth 
VI = 10 mV, 
CL = 20 pF, 
85 
kHz 
See Figure 3 


<Pm 
Phase margin 
VI= 
10mV, 
1=61, 
34° 
CL = 20 pF, 
See Figure 3 


TLC27L4Y 
PARAMETER 
TEST CONDITIONS 
UNIT 
MIN 
TYP 
MAX 


RL= 
1 Mil, 
VIPP = 1 V 
0.05 
SR 
Slew rate at unity gain 
CL = 20 pF, 
V/IlS 
See Figure 1 
VIPP= 
5.5 V 
0.04 


Vn 
Equivalent input noise voltage 
1= 1 kHz, 
RS=20il, 
70 
nV/VHZ 
See Figure 2 


60M 
Maximum output-swing 
bandwidth 
VO= 
VOH, 
CL = 20 pF, 
1 
kHz 
RL= 
1 Mil, 
See Figure 1 


61 
Unity-gain bandwidth 
VI = 10 mV, 
CL = 20 pF, 
110 
kHz 
See Figure 3 


<Pm 
Phase margin 
VI= 
10mV, 
1=61, 
38° 
CL = 20 pF, 
See Figure 3 


~TEXAS 
INSTRUMENTS 


TlC27l4,TlC27l4A,TlC27l4B,TlC27l4~TlC27l9 
linCMOSTM PRECISION QUAD OPERATIONAL AMPLIFIERS 


single-supply 
versus 
split-supply 
test circuits 


Because 
the TLC27L4 
and TLC27L9 
are optimized 
for single-supply 
operation, 
circuit configurations 
used for 
the various 
tests often present 
some inconvenience 
since the input signal, 
in many cases, 
must be offset from 
ground. 
This inconvenience 
can be avoided 
by testing 
the device 
with split supplies 
and the output 
load tied to 
the negative 
rail. A comparison 
of single-supply 
versus split-supply 
test circuits 
is shown below. The use of either 
circuit 
gives the same 
result. 


Voo- 


(b) SPLIT SUPPLY 


Voo- 


(b) SPLIT SUPPLY 


Voo- 


(b) SPLIT SUPPLY 


~TEXAS 
INSTRUMENTS 


TLC27L4,TLC27L4A,TLC27L4B,TLC27L4~TLC27L9 
LinCMOSTM PRECISION QUAD OPERATIONAL AMPLIFIERS 


input bias current 


Because of the high input impedance of the TLC27L4 and TLC27L9 operational amplifiers, attempts to measure 
the input bias current can result in erroneous readings. The bias current at normal room ambient temperature 
is typically less than 1 pA, a value that is easily exceeded by leakages on the test socket. Two suggestions are 
offered to avoid erroneous measurements: 


1. 
Isolate the device from other potential leakage sources. Use a grounded shield around and between the 
device inputs (see Figure 4). Leakages that would otherwise flow to the inputs are shunted away. 


2. 
Compensate for the leakage of the test socket by actually performing an input bias current test (using 
a picoammeter) with no device in the test socket. The actual input bias current can then be calculated 
by subtracting the open-socket leakage readings from the readings obtained with a device in the test 
socket. 


One word of caution: many automatic testers as well as some bench-top operational amplifier testers use the 
servo-loop technique with a resistor in series with the device input to measure the input bias current (the voltage 
drop across the series resistor is measured and the bias current is calculated). This method requires that a 
device be inserted into the test socket to obtain a correct reading; therefore, an open-socket reading is not 
feasible using this method. 


1 
a a a a a a 


a a a a a a 
-- -- 


To obtain low-supply-voltage operation, some compromise was necessary in the input stage. This compromise 
results in the device low-level output being dependent on both the common-mode input voltage level as well 
as the differential input voltage level. When attempting to correlate low-level output readings with those quoted 
in the electrical specifications, these two conditions should be observed. If conditions other than these are to 
be used, please refer to Figures 14 through 19 in the Typical Characteristics of this data sheet. 


input offset voltage temperature 
coefficient 


Erroneous readings often result from attempts to measure temperature coefficient of input offset voltage. This 
parameter is actually a calculation using input offset voltage measurements obtained at two different 
temperatures. When one (or both) ofthe temperatures is below freezing, moisture can collect on both the device 
and the test socket. This moisture results in leakage and contact resistance, which can cause erroneous input 
offset voltage readings. The isolation techniques previously mentioned have no effect on the leakage since the 
moisture also covers the isolation metal itself, thereby rendering it useless. It is suggested that these 
measurements be performed at temperatures above freezing to minimize error. 
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full-power 
response 


Full-power response, the frequency above which the operational amplifier slew rate limits the output voltage 
swing, is often specified two ways: full-linear response and full-peak response. The full-linear response is 
generally measured by monitoring the distortion level of the output while increasing the frequency of a sinusoidal 
input signal until the maximum frequency is found above which the output contains significant distortion. The 
full-peak response is defined as the maximum output frequency, without regard to distortion, above which full 
peak-to-peak output swing cannot be maintained. 


Because there is no industry-wide accepted value for significant distortion, the full-peak response is specified 
in this data sheet and is measured using the circuit of Figure 1. The initial setup involves the use of a sinusoidal 
input to determine the maximum peak-to-peak output of the device (the amplitude of the sinusoidal wave is 
increased until clipping occurs). The sinusoidal wave is then replaced with a square wave of the same 
amplitude. The frequency isthen increased until the maximum peak-to-peak output can no longer be maintained 
(Figure 5). A square wave is used to allow a more accurate determination of the point at which the maximum 
peak-to-peak output is reached. 
n Jl 
A 


Inadequate test time is a frequent problem, especially when testing CMOS devices in a high-volume, 
short-test-time environment. Internal capacitances are inherently higher in CMOS than in bipolar and BiFET 
devices and require longer test times than their bipolar and BiFET counterparts. The problem becomes more 
pronounced with reduced supply levels and lower temperatures. 
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FIGURE 


VIO 
Input offset voltage 
Distribution 
6,7 


CIvIO 
Temperature coefficient 
Distribution 
8,9 


vs High-level output current 
10,11 


VOH 
High-level output voltage 
vs Supply voltage 
12 
vs Free-air temperature 
13 
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input voltage 
14,15 


VOL 
Low-level output voltage 
vs Differential input voltage 
16 
vs Free-air temperature 
17 
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vs Supply voltage 
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Differential voltage amplification 
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vs Frequency 
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Input bias and input offset current 
vs Free-air temperature 
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VIC 
Common-mode 
input voltage 
vs Supply voltage 
23 


IDD 
Supply current 
vs Supply voltage 
24 
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25 
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Slew rate 
vs Supply voltage 
26 
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27 


Normalized slew rate 
vs Free-air temperature 
28 


VO{PP) 
Maximum peak-to-peak 
output voltage 
vs Frequency 
29 


81 
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35 
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Vn 
Equivalent input noise voltage 
vs Frequency 
37 
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Phase shift 
vs Frequency 
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single-supply 
operation 


While the TLC27L4 and TLC27L9 perform well using dual power supplies (also called balanced or split 
supplies), the design is optimized for single-supply operation. This design includes an input common-mode 
voltage range that encompasses ground as well as an output voltage range that pulls down to ground. The 
supply voltage range extends down to 3 V (C-suffix types), thus allowing operation with supply levels commonly 
available for TTL and HCMOS; however, for maximum dynamic range, 16-V single-supply operation is 
recommended. 


Many single-supply applications require that a voltage be applied to one input to establish a reference level that 
is above ground. A resistive voltage divider is usually sufficient to establish this reference level (see Figure 38). 
The low input bias current of the TLC27L4 and TLC27L9 permits the use of very large resistive values to 
implement the voltage divider, thus minimizing power consumption. 


The TLC27L4 and TLC27L9 work well in conjunction with digital logic; however, when powering both linear 
devices and digital logic from the same power supply, the following precautions are recommended: 


1. 
Power the linear devices from separate bypassed supply lines (see Figure 39); otherwise, the linear 
device supply rails can fluctuate due to voltage drops caused by high switching currents in the digital 
logic. 


2. 
Use proper bypass techniques to reduce the probability of noise-induced errors. Single capacitive 
decoupling is often adequate; however, high-frequency applications may require RC decoupling. 


VREF = voo ---!!L 
R1 + R3 


Vo = (VREF - VI) 
R4 + VREF 
R2 
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Power 
Supply 


Power 
Supply 


input characteristics 


The TLC27L4 
and TLC27L9 
are specified 
with a minimum 
and a maximum 
input voltage 
that, if exceeded 
at 
either 
input, 
could 
cause 
the device 
to malfunction. 
Exceeding 
this specified 
range 
is a common 
problem, 


especially 
in single-supply 
operation. 
Note that the lower range limit includes 
the negative 
rail, while the upper 
range limit is specified 
at VDD - 1 Vat 
TA = 25°C and at VDD - 1.5 V at all other temperatures. 


The use of the polysilicon-gate 
process 
and the careful 
input circuit 
design 
gives the TLC27L4 
and TLC27L9 
very good input offset voltage 
drift characteristics 
relative to conventional 
metal-gate 
processes. 
Offset voltage 
drift in CMOS devices 
is highly influenced 
by threshold 
voltage 
shifts caused 
by polarization 
of the phosphorus 
dopant 
implanted 
in the oxide. 
Placing 
the phosphorus 
dopant 
in a conductor 
(such 
as a polysilicon 
gate) 
alleviates 
the polarization 
problem, 
thus reducing 
threshold 
voltage 
shifts by more than an order of magnitude. 


The offset voltage 
drift with time has been calculated 
to be typically 
0.1 IlV/month, 
including 
the first month 
of 
operation. 


Because 
of the extremely 
high input impedance 
and resulting 
low bias current 
requirements, 
the TLC27L4 
and 
TLC27L9 
are well suited for low-level 
signal 
processing; 
however, 
leakage 
currents 
on printed 
circuit 
boards 
and sockets 
can easily 
exceed 
bias current 
requirements 
and cause 
a degradation 
in device 
performance. 
It 


is good practice to include guard rings around inputs (similar to those of Figure 4 in the Parameter 
Measurement 
Information 
section). 
These 
guards 
should 
be driven from a low-impedance 
source 
at the same voltage 
level 
as the common-mode 
input (see Figure 40). 


The inputs of any unused 
amplifiers 
should 
be tied to ground 
to avoid possible 
oscillation. 


noise performance 


The noise specifications 
in operational 
amplifier 
circuits 
are greatly 
dependent 
on the current 
in the first-stage 
differential 
amplifier. 
The low input bias current 
requirements 
of the TLC27L4 
and TLC27L9 
result in a very low 
noise current, 
which 
is insignificant 
in most applications. 
This feature 
makes the devices 
especially 
favorable 
over bipolar 
devices 
when using values 
of circuit 
impedance 
greater 
than 50 kil, 
since bipolar 
devices 
exhibit 
greater 
noise currents. 
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(b) INVERTING 
AMPLIFIER 


Figure 40. Guard-Ring 
Schemes 


output characteristics 


The output stage of the TLC27L4 
and TLC27L9 
is designed 
to sink and source relatively 
high amounts 
of current 
(see typical characteristics). 
If the output is subjected 
to a short-circuit 
condition, 
this high current capability 
can 
cause 
device 
damage 
under certain 
conditions. 
Output 
current 
capability 
increases 
with supply 
voltage. 


All operating 
characteristics 
of the TLC27L4 
and TLC27L9 
were measured 
using a 20-pF 
load. The devices 
drive 
higher 
capacitive 
loads; 
however, 
as output 
load capacitance 
increases, 
the resulting 
response 
pole 
occurs 
at lower frequencies, 
thereby 
causing 
ringing, 
peaking, 
or even oscillation 
(see Figure 
41). 
In many 
cases, 
adding 
a small amount 
of resistance 
in series with the load capacitance 
alleviates 
the problem . 


w. 
•• 


r' 
I" 


I 
TA = 25°C 
f = 1 kHz 
VIPP= 
1 V 
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output characteristics (continued) 


Although the TLC27L4 and TLC27L9 possess excellent high-level output voltage and current capability, 
methods for boosting this capability are available, if needed. The simplest method involves the use of a pullup 
resistor (Rb) connected from the output to the positive supply rail (see Figure 42). There are two disadvantages 
to the use of this circuit. First, the NMOS pulldown transistor N4 (see equivalent schematic) must sink a 
comparatively large amount of current. In this circuit, N4 behaves like a linear resistor with an on-resistance 
between approximately 60 nand 
180 n, depending on how hard the operational amplifier input is driven. With 
very low values of Rp, a voltage offset from 0 V at the output occurs. Second, pullup resistor Rp acts as a drain 
load to N4 and the gain of the operational amplifier is reduced at output voltage levels where N5 is not supplying 
the output current. 


voo 


VI 
Ip 
Rp 
+- 
voo-vo 
Vo 
Rp= 
IF + IL + Ip 


IF 
Ip = Pullup current 
+- 
required by the 


R2 
operational 
amplifier 


R1 
IL~ 
RL 
(typically 
500 llAl 


Figure 43. Compensation for 
Input Capacitance 


Operational amplifier circuits nearly always employ feedback, and since feedback is the first prerequisite for 
oscillation, some caution is appropriate. Most oscillation problems result from driving capacitive loads 
(discussed previously) and ignoring stray input capacitance. A small-value capacitor connected in parallel with 
the feedback resistor is an effective remedy (see Figure 43). The value of this capacitor is optimized empirically. 


electrostatic discharge protection 


The TLC27L4 and TLC27L9 incorporate an internal electrostatic discharge (ESD) protection circuit that 
prevents functional failures at voltages up to 2000 V as tested under MIL-STD-883C, Method 3015.2. Care 
should be exercised, however, when handling these devices, as exposure to ESD may result in the degradation 
of the device parametric performance. The protection circuit also causes the input bias currents to be 
temperature dependent and have the characteristics of a reverse-biased diode. 


Because CMOS devices are susceptible to latch-up due to their inherent parasitic thyristors, the TLC27L4 and 
TLC27L9 inputs and outputs were designed to withstand -1 OO-mAsurge currents without sustaining latch-up; 
however, techniques should be used to reduce the chance of latch-up whenever possible. Internal protection 
diodes should not, by design, be forward biased. Applied input and output voltage should not exceed the supply 
voltage by more than 300 mV. Care should be exercised when using capacitive coupling on pulse generators. 
Supply transients should be shunted by the use of decoupling capacitors (0.1 ltF typical) located across the 
supply rails as close to the device as possible. 
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latch-up 
(continued) 


The current 
path established 
if latch-up 
occurs 
is usually 
between 
the positive 
supply 
rail and ground 
and can 
be triggered 
by surges on the supply 
lines and/or voltages 
on either the output or inputs that exceed 
the supply 
voltage. 
Once latch-up 
occurs, 
the current 
flow is limited 
only by the impedance 
of the power 
supply 
and the 


forward 
resistance 
of the parasitic 
thyristor 
and usually 
results 
in the destruction 
of the device. 
The chance 
of 
latch-up 
occurring 
increases 
with increasing 
temperature 
and supply 
voltages. 


0.1 ~FI 


500 
k.Q 


NOTE: 
VDD = 5 V to 16 v 


Figure 45. Set/Reset Flip-Flop 
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-= 
Voo 


C 
51 
X1 


TLC4066 
1 
B 
A 


52 
C 
X2 Analog 
B 
A 
Switch 
2 
2 


NOTE: VOO ; 5 V to 12 V 


Figure 46. Amplifier With Digital Gain Selection 


NOTE: VOO; 
5 V to 16 v 


Figure 47. Full-Wave Rectifier 
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NOTE: 
VOO = 5 V to 16 V 


Vo = =~(VIB 
- 
VIA) 
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The extremely high input impedance, low bias 
currents, make these cost-effective devices ideal 
for 
applications 
that 
have 
previously 
been 
reserved for general-purpose bipolar products, 
but with only a fraction of the power consumption. 


Four offset voltage grades are available (C-suffix 
and I-suffix types), ranging from the low-cost 
TLC27M4 (10 mY) to the high-precision TLC27M9 (900 /-lV).These advantages, in combination with good 
common-mode 
rejection and supply voltage 
rejection, 
make these devices 
a good choice for new 
state-of-the-art designs as well as for upgrading existing designs. 


• 
Trimmed Offset Voltage: 
TLC27M9 ... 
900 /-lVMax at TA = 25°C, 


VDD =5 V 
• 
Input Offset Voltage Drift ... 
Typically 
0.1 /-lv/Month, Including 
the First 30 Days 


• 
Wide Range of Supply Voltages Over 
Specified Temperature 
Range: 
O°Cto 70°C 
3 V to 16 V 
-40°C to 85°C 
4 V to 16 V 
-55°C to 125°C 
4 V to 16 V 


• 
Single-Supply 
Operation 
• 
Common-Mode 
Input Voltage Range 
Extends Below the Negative Rail (C-Suffix, 
I-Suffix Types) 


• 
Low Noise ... 
Typically 32 nV/v'Hi 
at f = 1 kHz 


• 
Low Power ... 
Typically 2.1 mW at 
TA = 25°C, VDD = 5 V 
• 
Output Voltage Range Includes Negative 
Rail 


• 
High Input Impedance ... 
1012 n Typ 


• 
ESD-Protection 
Circuitry 
• 
Smail-Outline 
Package Option Also 
Available in Tape and Reel 


• 
Designed-In 
Latch-Up Immunity 


description 


The TLC27M4 and TLC27M9 quad operational 
amplifiers combine a wide range of input offset 
voltage grades with low offset voltage drift, high 
input 
impedance, 
low 
noise, 
and 
speeds 
comparable to that of general-purpose 
bipolar 
devices. These devices use Texas Instruments 
silicon-gate 
LinCMOSTM technology, 
which 
provides offset voltage stability far exceeding the 
stability available with conventional metal-gate 
processes. 


~=~~:,:~: 
.I=:~~al~~~~r:~:: 
~:~:~m~a~fi 
standard w.rranty. Production processing does not n8Cul8r11y Include 
testing of III perimeters. 


0, J, N, OR PW PACKAGE 
(TOP VIEW) 


1 V 
14 


2 
13 


3 
12 


4 
11 


5 
10 
6 
9 
7 
8 


lOUT 
l1N- 


11N+ 
VOO 
21N+ 
21N- 
20UT 


40UT 


41N- 


41N+ 
GND 


31N+ 
31N- 
30UT 


FKPACKAGE 
(TOP VIEW) 
15 
5 
I 
~ouO~ 
,....,....Z"I::t'V 


11N+ 
NC 
VOO 
NC 


21N+ 


3 
2 
1 
2019 
4 
18 


5 
17 


6 
16 


7 
15 


8 
14 
9 
1011 
1213 


41N+ 


NC 
GND 
NC 


31N+ 


It-Ut- 
I 
Z::>Z::>Z 
-0 
0- 
NN 
MM 


DISTRIBUTIONOFTLC27M9 
INPUTOFFSETVOLTAGE 


I 
I 
I 
I 


301 Units Tested From 2 Wafer Lots 
f- VOO=5V 


TA = 25°C 
I- N Package 
r- 


p- 
I 
1 
..• 
~ 


~ 
l_ 


;It 
30 
I 
2l 
'" 
25 
::l 
'0 
20 
8, 
~ 
Gl 
15 
t! 
~ 
10 
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description 
(continued) 


In general, many features associated with bipolar technology are available on LinCMOS'" 
operational 
amplifiers, without the power penalties of bipolar technology. General applications such as transducer 
interfacing, analog calculations, amplifier blocks, active filters, and signal buffering are easily designed with the 
TLC27M4 and TLC27M9. The devices also exhibit low voltage single-supply operation, and low power 
consumption, making them ideally suited for remote and inaccessible battery-powered applications. The 
common-mode input voltage range includes the negative rail. 


A wide range of packaging options is available, including small-outline and chip-carrier versions for high-density 
system applications. 


The device inputs and outputs are designed to withstand -1 OO-mAsurge currents without sustaining latch-up. 


The TLC27M4 and TLC27M9 incorporate internal ESD-protection circuits that prevent functional failures at 
voltages up to 2000 V as tested under MIL-STD-883C, Method 3015; however, care should be exercised in 
handling these devices as exposure to ESD may result in the degradation of the device parametric performance. 


The C-suffix devices are characterized for operation from O°Cto 70°C. The I-suffix devices are characterized 
for operation from -40°C to 85°C. The M-suffix devices are characterized for operation over the full military 
temperature range of -55°C to 125°C. 


PACKAGE 


VIOmax 
CHIP 
PLASTIC 
CHIP 
TA 
SMALL 
CERAMIC 
TSSOP 
FORM 
AT 25°C 
OUTLINE 
CARRIER 
DIP 
DIP 
(D) 
(FK) 
(J) 
(N) 
(PW) 
(Y) 


900 ~V 
TLC27M9CD 
- 
- 
TLC27M9CN 
- 
- 


2mV 
TLC27M4BCD 
- 
- 
TLC27M4BCN 
- 
- 
O°C to 70°C 
5mV 
TLC27M4ACD 
- 
- 
TLC27M4ACN 
- 
- 


10mV 
TLC27M4CD 
- 
- 
TLC27M4CN 
TLC27M4CPW 
TLC27M4Y 


900 ~V 
TLC27M91D 
- 
- 
TLC27M91N 
- 
- 


2mV 
TLC27M4BID 
- 
- 
TLC27M4BIN 
- 
- 
-40°C 
to 85°C 
5mV 
TLC27M4AID 
- 
- 
TLC27M4AIN 
- 
- 


10mV 
TLC27M41D 
- 
- 
TLC27M41N 
- 
- 


900 ~V 
TLC27M9MD 
TLC27M9MFK 
TLC27M9MJ 
TLC27M9MN 
- 
- 
-55°C 
to 125°C 
10mV 
TLC27M4MD 
TLC27M4MFK 
TLC27M4MJ 
TLC27M4MN 
- 
- 
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R1 
IN-i 


N2 


01 
R4 
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TLC27M4V chip information 


This chip, when properly assembled, displays characteristics similar to the TLC27M4C. Thermal compression 
or ultrasonic bonding may be used on the doped-aluminum bonding pads. Chips may be mounted with 
conductive epoxy or a gold-silicon preform. 


l1N+ 
lOUT 
l1N- 


21N+ 
20UT 
21N- 


31N+ 
30UT 
31N- 


41N+ 
40UT 
41N- 


~ 
108 
~ 


1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1 
CHIP THICKNESS: 
15 TYPICAL 
BONDING 
PADS: 4 x 4 MINIMUM 


TJmax = 150°C 


TOLERANCES 
ARE ±10%. 


ALL DIMENSIONS 
ARE IN MILS. 


PIN (11) IS INTERNALLY 
CONNECTED 
TO BACKSIDE 
OF CHIP. 
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 


Supply voltage, Voo (see Note 1) 
18 V 
Differential input voltage, VIO (see Note 2) 
±Voo 
Input voltage range, VI (any input) 
-0.3 V to Voo 
Input current, II 
±5 mA 
Output current, 10 (each output) 
±30 mA 
Total current into Voo 
45 mA 
Total current out of GND 
45 mA 
Duration of short-circuit current at (or below) 25°C (see Note 3) 
unlimited 
Continuous total dissipation 
See Dissipation Rating Table 
Operating free-air temperature, TA C suffix 
O°Cto 70°C 
I suffix 
-40°C to 85°C 
M suffix 
-55°C to 125°C 
Storage temperature range 
-65°C to 150°C 
Case temperature for 60 seconds: FK package 
260°C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: D, N, or PW package 
260°C 
Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds: J package 
300°C 


t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional 
operation of the device at these or any other conditions 
beyond those indicated under "recommended 
operating conditions" 
is not 
implied. Exposure to absolute-maxi mum-rated conditions for extended periods may affect device reliability. 
NOTES: 
1. 
All voltage values, except differential voitages, are with respect to network ground. 
2. 
Differential voltages are at IN+ with respect to IN-. 
3. 
The output may be shorted to either supply. Temperature 
and/or supply voltages must be limited to ensure that the maximum 
dissipation 
rating is not exceeded (see application section). 


DISSIPATION 
RATING TABLE 


PACKAGE 
TA'; 
25°C 
DERATING 
FACTOR 
TA = 70°C 
TA = 85°C 
TA = 125°C 
POWER RATING 
ABOVE TA = 25°C 
POWER RATING 
POWER RATING 
POWER RATING 


D 
950 mW 
7.6 mWfOC 
608mW 
494mW 


FK 
1375mW 
11.0mW/oC 
880mW 
715mW 
275 mW 


J 
1375mW 
11.0 mWfOC 
880mW 
715mW 
275 mW 


N 
1575mW 
12.6 mW/oC 
1008mW 
819mW 


PW 
700mW 
5.6 mWfOC 
448mW 


C SUFFIX 
I SUFFIX 
M SUFFIX 
UNIT 
MIN 
MAX 
MIN 
MAX 
MIN 
MAX 


Supply voltage. VDD 
3 
16 
4 
16 
4 
16 
V 
IVDD = 5 V 
-0.2 
3.5 
-0.2 
3.5 
0 
3.5 
Common-mode 
input voltage, VIC IVDD = 10V 
V 
-0.2 
8.5 
-0.2 
8.5 
0 
8.5 


Operating free-air temperature, 
TA 
0 
70 
-40 
85 
-55 
125 
°c 
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TLC27M4C 
TLC27M4AC 


PARAMETER 
TEST CONDITIONS 
TAt 
TLC27M4BC 
UNIT 
TLC27M9C 


MIN 
TYP 
MAX 


VO=1.4V, 
VIC=O, 
25'C 
1.1 
10 
TLC27M4C 
RS = 50 Q, 
RL = 100 kQ 
Full range 
12 
mV 
VO=1.4V, 
VIC=O, 
25°C 
0.9 
5 
TLC27M4AC 
RS=50Q, 
RL = 100 kQ 
Full range 
6.5 
VIO 
Input offset voltage 
25°C 
250 
2000 
TLC274BC 
VO=1.4V, 
VIC=O, 


RS=50Q, 
RL = 100 kQ 
Full range 
3000 


25°C 
210 
900 
~V 


TLC279C 
VO=1.4V, 
VIC=O, 


RS = 50 Q, 
RL= 
100 kQ 
Full range 
1500 


Average temperature 
coefficient of input 
25°C to 
1.7 
~V/'C 
aVIO 
offset voltage 
70°C 


25°C 
0.1 
110 
Input offset current (see Note 4) 
VO=2.5V, 
VIC= 
2.5 V 
70°C 
7 
300 
pA 


25'C 
0.6 
liB 
Input bias current (see Note 4) 
VO=2.5V, 
VIC = 2.5 V 
70'C 
40 
600 
pA 


-0.2 
-0.3 
25°C 
to 
to 
V 


Common-mode 
input voltage range 
4 
4.2 
VICR 
(see Note 5) 
-0.2 
Full range 
to 
V 
3.5 


25°C 
3.2 
3.9 


VOH 
High-level output voltage 
VIO = 100 mV, 
RL = 100 kQ 
O°C 
3 
3.9 
V 


70'C 
3 
4 


25'C 
0 
50 


VOL 
Low-level output voltage 
VIO = -100 
mV, 
10L=0 
O'C 
0 
50 
mV 


70°C 
0 
50 


25'C 
25 
170 


AVO 
Large-signal 
differential voltage 
VO=0.25Vt02V, 
RL = 100 kQ 
O'C 
15 
200 
V/mV 
amplification 
70'C 
15 
140 


25'C 
65 
91 


CMRR 
Common-mode 
rejection ratio 
VIC = VICRmin 
O'C 
60 
91 
dB 


70°C 
60 
92 


25°C 
70 
93 


kSVR 
Supply-voltage 
rejection ratio (tNoo/tNIO) 
VOO=5Vt010V, 
VO=1.4V 
O°C 
60 
92 
dB 


70°C 
60 
94 


25°C 
420 
1120 


100 
Supply current (four amplifiers) 
VO=2.5V, 
VIC = 2.5 V, 
O'C 
500 
1280 
~ 
No load 
70'C 
340 
880 
t Full range 
IS O°C to 70°C. 
NOTES: 
4. 
The typical values of input bias current and input offset current below 5 pA were determined 
mathematically. 
5. 
This range also applies to each input individually. 
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TLC27M4C 
TLC27M4AC 


PARAMETER 
TEST CONDITIONS 
TAt 
TLC27M4BC 
UNIT 
TLC27M9C 


MIN 
TYP 
MAX 


VO=1.4V, 
VIC=O, 
25°C 
1.1 
10 
TLC27M4C 
RS = 50 Q, 
RL= 
100kQ 
Full range 
12 
mV 
VO=1.4V, 
VIC=O, 
25°C 
0.9 
5 
TLC27M4AC 
RS = 50 Q, 
RL=100kQ 
Full range 
6.5 
Via 
Input offset voltage 
25°C 
260 
2000 
TLC27M4BC 
VO=1.4V, 
VIC=O, 
RS = 50 Q, 
RL= 
100 kQ 
Full range 
3000 


25°C 
220 
1200 
IlV 


TLC27M9C 
VO=1.4V, 
VIC=O, 


RS = 50 Q, 
RL = 100 kO 
Full range 
1900 


Average temperature 
coefficient of input 
25°C to 
2.1 
IlV/oC 
aVIO 
offset voltage 
70°C 


25°C 
0.1 
110 
Input offset current (see Note 4) 
Va = 5 V, 
VIC = 5 V 
70°C 
7 
300 
pA 


25°C 
0.7 
liB 
Input bias current (see Note 4) 
Va = 5 V, 
VIC =5 V 
70°C 
50 
pA 
600 


-0.2 
-0.3 
25°C 
to 
to 
V 


Common-mode 
input voltage range 
9 
9.2 
VICR 
(see Note 5) 
-0.2 
Full range 
to 
V 
8.5 


25°C 
8 
8.7 


VOH 
High-level output voltage 
VID= 
100 mV, 
RL = 100 kO 
O°C 
7.8 
8.7 
V 


70°C 
7.8 
8.7 


25°C 
0 
50 


VOL 
Low-level output voltage 
VID =-100 
mV, 
10L=0 
O°C 
0 
50 
mV 


70°C 
0 
50 


25°C 
25 
275 


AVO 
Large-signal 
differential voltage 
VO= 
1 Vt06V, 
RL= 
100kQ 
O°C 
15 
320 
V/mV 
amplification 
70°C 
15 
230 


25°C 
65 
94 


CMRR 
Common-mode 
rejection ratio 
VIC = VICRmin 
O°C 
60 
94 
dB 


70°C 
60 
94 


25°C 
70 
93 


kSVR 
Supply-voltage 
rejection ratio ("NOO/aVIO) 
VOO=5Vto 
10V, 
VO=1.4V 
O°C 
60 
92 
dB 


70°C 
60 
94 


25°C 
570 
1200 


100 
Supply current (four amplifiers) 
Va = 5 V, 
VIC =5 V, 
O°C 
690 
1600 
IJA 
No load 
70°C 
440 
1120 
t Full range is O°C to 70°C. 
NOTES: 
4. 
The typical values of input bias current and input offset current below 5 pA were determined 
mathematically. 


5. 
This range also applies to each input individually. 


~TEXAS 
INSTRUMENTS 


TLC27M4,TLC27M4A,TLC27M4B,TLC27M4~TLC27M9 
LinCMOSTM PRECISION QUAD OPERATIONAL AMPLIFIERS 


TLC27M41 
TLC27M4AI 


PARAMETER 
TEST CONDITIONS 
TAt 
TLC27M4BI 
UNIT 
TLC27M91 


MIN 
TYP 
MAX 


VO=1.4V, 
VIC=O, 
25°C 
1.1 
10 
TLC27M41 
RS = 50 n, 
RL = 100 kfl 
Full range 
13 
mV 
VO=1.4V, 
VIC=O, 
25°C 
0.9 
5 
TLC27M4AI 
RS = 50 n, 
RL = 100 kfl 
Full range 
6.5 
VIO 
Input offset voltage 


25°C 
250 
2000 
TLC27M4BI 
VO=1.4V, 
VIC=O, 


RS = 50 n, 
RL= 
100 kn 
Full range 
3000 


25°C 
210 
900 
I!V 


TLC27M91 
VO=1.4V, 
VIC=O, 


RS = 50 n, 
RL = 100 kfl 
Full range 
2000 


Average temperature 
coefficient of input 
25°C to 
1.7 
I!V/oC 
aVIO 
offset voltage 
85°C 


25°C 
0.1 
110 
Input offset current (see Note 4) 
VO=2.5 
V, 
VIC=2.5 
V 
85°C 
24 
1000 
pA 


25°C 
0.6 
liB 
Input bias current (see Note 4) 
VO=2.5V, 
VIC=2.5 
V 
85°C 
200 
2000 
pA 


-0.2 
-0.3 
25°C 
to 
to 
V 


Common-mode 
input voltage range 
4 
4.2 
VICR 
(see Note 5) 
-0.2 
Full range 
to 
V 
3.5 


25°C 
3.2 
3.9 


VOH 
High-level output voitage 
VID= 
100 mY, 
RL = 100 kfl 
-40°C 
3 
3.9 
V 


85°C 
3 
4 


25°C 
0 
50 


VOL 
Low-level output voltage 
Vlo=-100mV, 
10L=0 
-40°C 
0 
50 
mV 


85°C 
0 
50 


25°C 
25 
170 


AVO 
Large-signal 
differential voltage 
Vo = 0.25 V to 2 V, 
RL = 100 kfl 
-40°C 
15 
270 
V/mV 
amplification 
85°C 
15 
130 


25°C 
65 
91 


CMRR 
Common-mode 
rejection ratio 
VIC = V'CRmin 
-40°C 
60 
90 
dB 


85°C 
60 
90 


25°C 
70 
93 


kSVR 
Supply-voltage 
rejection ratio (6Voo/tNI0) 
VOO = 5 V to 10 V, 
VO= 
1.4V 
-40°C 
60 
91 
dB 


85°C 
60 
94 


25°C 
420 
1120 


100 
Supply current (four amplifiers) 
VO=2.5V, 
VIC =2.5V, 
-40°C 
630 
1600 
!!A 
No load 
85°C 
320 
800 
t Full range is -40°C 
to 85°C. 


NOTES: 
4. 
The typical values of input bias current and input offset current below 5 pA were determined 
mathematically. 


5. 
This range also applies to each input individually. 


~TEXAS 
INSTRUMENTS 


TLC27M4, TLC27M4A, TLC27M4B, TLC27M4Y, TLC27M9 
LinCMOSTM PRECISION QUAD OPERATIONAL AMPLIFIERS 


TLC27M41 
TLC27M4AI 


PARAMETER 
TEST CONDITIONS 
TAt 
TLC27M4BI 
UNIT 
TLC27M91 


MIN 
TYP 
MAX 


VO=1.4V, 
VIC=O, 
25°C 
1.1 
10 
TLC27M41 
RS = 50 n, 
RL = 100 kn 
Full range 
13 


mV 
VO=1.4V, 
VIC=O, 
25°C 
0.9 
5 
TLC27M4AI 
RS=50n, 
RL=100kn 
Full range 
7 
Via 
Input offset voltage 
25°C 
260 
2000 
TLC27M4BI 
VO=1.4V, 
VIC=O, 
RS = 50 n. 
RL=100kn 
Full range 
3500 


25°C 
220 
1200 
llV 


TLC27M91 
Va = 1.4 V, 
VIC=O, 
RS= 50n, 
RL = 100 kn 
Full range 
2900 


Average temperature 
coefficient of input 
25°C to 
2.1 
llV/oC 
aVIO 
offset voltage 
85°C 


25°C 
0.1 
110 
Input offset current (see Note 4) 
Va = 5 V, 
VIC =5 V 
85°C 
26 
1000 
pA 


25°C 
0.7 
liB 
Input bias current (see Note 4) 
Va = 5 V, 
VIC =5 V 
85°C 
220 
2000 
pA 


-0.2 
-0.3 
25°C 
to 
to 
V 


Common mode input voltage range 
9 
9.2 
VICR 
(see Note 5) 
-0.2 
Full range 
to 
V 
8.5 


25°C 
8 
8.7 


VOH 
High-level output voltage 
VIO = 100 mY, 
RL = 100 kn 
-40°C 
7.8 
8.7 
V 


85°C 
7.8 
8.7 


25°C 
0 
50 


VOL 
Low-level output voltage 
VIO = -100 
mY, 
10L= 0 
-40°C 
0 
50 
mV 


85°C 
0 
50 


25°C 
25 
275 


AVO 
Large-signal 
differential voltage 
VO= 
1 Vt06V, 
RL = 100 kn 
-40°C 
15 
390 
V/mV 
amplification 
85°C 
15 
220 


25°C 
65 
94 


CMRR 
Common-mode 
rejection ratio 
VIC = VICRmin 
-40°C 
60 
93 
dB 


85°C 
60 
94 


25°C 
70 
93 


kSVR 
Supply-voltage 
rejection ratio (fiVoo/tNIO) 
VOO = 5 V to 10 V, 
VO=1.4V 
-40°C 
60 
91 
dB 


85°C 
60 
94 


25°C 
570 
1200 


100 
Supply current (four amplifiers) 
Vo = 5 V, 
VIC = 5 V, 
-40°C 
900 
1800 
llA 
No load 
85°C 
410 
1040 
t Full range is -40°C 
to 85°C. 
NOTES: 
4. 
The typical values of input bias current and input offset current below 5 pA were determined 
mathematically. 
5. 
This range also applies to each input individually. 


~TEXAS 
INSTRUMENTS 


TLC27M4, TLC27M4A, TLC27M4B, TLC27M4Y, TLC27M9 
LinCMOSTM PRECISION QUAD OPERATIONAL AMPLIFIERS 


TLC27M4M 


PARAMETER 
TEST CONDITIONS 
TAt 
TLC27M9M 
UNIT 


MIN 
TYP 
MAX 


VO=1.4V, 
VIC=O, 
25°C 
1.1 
10 
TLC27M4M 
mV 
RS = 50 Q, 
RL = 100 kfl 
Full range 
12 
VIO 
Input offset voltage 
25°C 
210 
900 
TLC27M9M 
VO=1.4V, 
VIC=O, 
l!V 
RS = 50 Q, 
RL= 
100 kQ 
Full range 
3750 


aVIO 
Average temperature 
coefficient of input 
25°C to 
1.7 
l!V/oC 
offset voltage 
125°C 


25°C 
0.1 
pA 
110 
Input offset current (see Note 4) 
VO=2.5V, 
VIC =2.5 V 
125°C 
1.4 
15 
nA 


25°C 
0.6 
pA 


liB 
Input bias current (see Note 4) 
VO=2.5V, 
VIC=2.5 
V 
125°C 
9 
35 
nA 


0 
-0.3 
25°C 
to 
to 
V 


Common-mode 
input voltage range 
4 
4.2 
VICR 
(see Note 5) 
0 
Full range 
to 
V 
3.5 


25°C 
3.2 
3.9 


VOH 
High-level output voltage 
VIO = 100 mY, 
RL = 100 kQ 
-55°C 
3 
3.9 
V 


125°C 
3 
4 


25°C 
0 
50 


VOL 
Low-level output voltage 
VID = -100 
mV, 
10L= 0 
-55°C 
0 
50 
mV 


125°C 
0 
50 


25°C 
25 
170 


AVO 
Large-signal 
differential voltage 
Vo = 0.25 V to 2 V, 
RL = 100 kQ 
-55°C 
15 
290 
V/mV 
amplification 
125°C 
15 
120 


25°C 
65 
91 


CMRR 
Common-mode 
rejection ratio 
VIC = VICRmin 
-55°C 
60 
89 
dB 


125°C 
60 
91 


25°C 
70 
93 


kSVR 
Supply-voltage 
rejection ratio (AVOO/AVIO) 
VOO = 5 V to 10 V, 
VO=1.4V 
-55°C 
60 
91 
dB 


125°C 
60 
94 


25°C 
420 
1120 


100 
Supply current 
(four amplifiers) 
VO=2.5 
V, 
VIC = 2.5 V, 
-55°C 
680 
1760 
!!A 
No load 
125°C 
280 
720 
t Full range is -55°C 
to 125°C. 
NOTES: 
4. 
The typical values of input bias current and input offset current beiow 5 pA were determined mathematically. 


5. 
This range also applies to each input individually. 


~TEXAS 
INSTRUMENTS 


TLC27M4, TLC27M4A, TLC27M48, 
TLC27M4Y, TLC27M9 
LinCMOSTM PRECISION QUAD OPERATIONAL AMPLIFIERS 


TLC27M4M 


PARAMETER 
TEST CONDITIONS 
TAt 
TLC27M9M 
UNIT 


MIN 
TYP 
MAX 


VO=1.4V, 
VIC=O. 
25°C 
1.1 
10 
TLC27M4M 
mV 
RS = 50 Q, 
RL = 100 kQ 
Full range 
12 
VIO 
Input offset voltage 
25°C 
220 
1200 
TLC27M9M 
VO=1.4V, 
VIC=O, 
IlV 
RS = 50 Q, 
RL = 100 kQ 
Full range 
4300 


Average temperature 
coefficient of input 
25°C to 
2.1 
IlV/oC 
aVIO 
offset voltage 
125°C 


25°C 
0.1 
pA 
110 
Input offset current (see Note 4) 
Vo = 5 V, 
VIC = 5 V 
125°C 
1.8 
15 
nA 


25°C 
0.7 
pA 


liB 
Input bias current (see Note 4) 
Vo = 5 V, 
VIC =5 V 
125°C 
10 
35 
nA 


0 
-0.3 
25°C 
to 
to 
V 


Common-mode 
input voltage range 
9 
9.2 
VICR 
(see Note 5) 
0 


Full range 
to 
V 
8.5 


25°C 
8 
8.7 


VOH 
High-level output voltage 
VIO = 100 mV, 
RL = 100 kQ 
-55°C 
7.8 
8.6 
V 


125°C 
7.8 
8.8 


25°C 
0 
50 


VOL 
Low-level output voltage 
Vlo=-100mV. 
10L=0 
-55°C 
0 
50 
mV 


125°C 
0 
50 


25°C 
25 
275 


AVO 
Large-signal 
differential voltage 
Vo = 1 Vto 6 V, 
RL = 100 kQ 
-55°C 
15 
420 
V/mV 
amplification 
125°C 
15 
190 


25°C 
65 
94 


CMRR 
Common-mode 
rejection ratio 
VIC = VICRmin 
-55°C 
60 
93 
dB 


125°C 
60 
93 


25°C 
70 
93 


kSVR 


Supply-voltage 
rejection ratio 
VOO = 5 V to 10 V, 
VO=1.4V 
-55°C 
60 
91 
dB 
(~VOO/~VIO) 
125°C 
60 
94 


25°C 
570 
1200 


100 
Supply current (four amplifiers) 
Vo = 5 V. 
VIC = 5 V, 
-55°C 
980 
2000 
~ 
No load 


125°C 
360 
960 


t Full range IS -55°C 
to 125°C. 
NOTES: 
4. 
The typical values of input bias current and input offset current below 5 pA were determined 
mathematically. 
5. 
This range also applies to each input individually. 


~TEXAS 
INSTRUMENTS 


TLC27M4, TLC27M4A, TLC27M48, TLC27M4Y, TLC27M9 
LinCMOSTM PRECISION QUAD OPERATIONAL AMPLIFIERS 


TLC27M4Y 
PARAMETER 
TEST CONDITIONS 
UNIT 
MIN 
TYP 
MAX 


VIO 
Input offset voltage 
VO=1.4V, 
VIC=O, 
1.1 
10 
mV 
RS=50Q, 
RL = 100 kQ 


aVIO 
Temperature coefficient of input offset voltage 
TA = 25°C to 70°C 
1.7 
/lV/oC 


110 
Input offset current (see Note 4) 
VO=2.5V, 
VIC =2.5 V 
0.1 
pA 


liB 
Input bias current (see Note 4) 
VO=2.5V, 
VIC =2.5 V 
0.6 
pA 


-0.2 
-0.3 


VICR 
Common-mode 
input voltage range (see Note 5) 
to 
to 
V 
4 
4.2 


VOH 
High-level output voltage 
VIO= 
100 mY, 
RL=100kQ 
3.2 
3.9 
V 


VOL 
Low-ievel output voltage 
VIO = -100 
mY, 
10L=0 
0 
50 
mV 


AVO 
Large-signal 
differential voltage amplification 
Vo = 0.25 V to 2 V, 
RL= 100 kQ 
25 
170 
V/mV 


CMRR 
Common-mode 
rejection ratio 
VIC = VICRmin 
65 
91 
dB 


kSVR 
Supply-voltage 
rejection ratio (tNOO/tNIO) 
VOO = 5 V to 10 V, 
VO=1.4V 
70 
93 
dB 


100 
Supply current (four amplifiers) 
VO=2.5V, 
VIC=2.5V, 
420 
1120 
JlA 
No load 


TLC27M4Y 
PARAMETER 
TEST CONDITIONS 
UNIT 
MIN 
TYP 
MAX 


VIO 
Input offset voltage 
VO=1.4V, 
VIC=O, 
1.1 
10 
mV 
RS=50Q, 
RL = 100 kQ 


aVIO 
Temperature coefficient of input offset voltage 
TA = 25°C to 70°C 
2.1 
/lV/oC 


110 
Input offset current (see Note 4) 
Vo = 5 V, 
VIC =5 V 
0.1 
pA 


liB 
Input bias current (see Note 4) 
Vo = 5 V, 
VIC =5 V 
0.7 
pA 


-0.2 
-0.3 


VICR 
Common-mode 
input voltage range (see Note 5) 
to 
to 
V 
9 
9.2 


VOH 
High-level output voltage 
VJD= 100 mY, 
RL=100kQ 
8 
8.7 
V 


VOL 
Low-level output voltage 
VIO = -100 
mV, 
10L=0 
0 
50 
mV 


Avo 
Large-signal differential voltage amplification 
VO=1Vt06V, 
RL=100kQ 
25 
275 
V/mV 


CMRR 
Common-mode 
rejection ratio 
VIC = VICRmin 
65 
94 
dB 


kSVR 
Supply-voltage 
rejection ratio (I\.VOO/I\.VIO) 
VOO=5Vt010V, 
VO=1.4V 
70 
93 
dB 


100 
Supply current (four amplifiers) 
VO= 
5 V, 
VIC=5 
V, 
570 
1200 
JlA 
No load 


NOTES:4. The typical values of input bias current and input offset current below 5 pA were determined 
mathematically. 
5. This range also applies to each input individually. 


~TEXAS 
INSTRUMENTS 


TLC27M4,TLC27M4A,TLC27M4B,TLC27M4~TLC27M9 
LinCMOSTM PRECISION QUAD OPERATIONAL 
AMPLIFIERS 


TLC27M4C 
TLC27M4AC 


PARAMETER 
TEST CONDITIONS 
TA 
TLC27M4BC 
UNIT 
TLC27M9C 


MIN 
TYP 
MAX 


25°C 
0.43 


VIPP= 
1 V 
ooe 
0.46 


RL = 100 Q, 
70°C 
0.36 
SR 
Slew rate at unity gain 
eL = 20 pF, 
V/~s 
See Figure 1 
25°C 
0.40 


VIPP = 2.5 V 
ooe 
0.43 


70°C 
0.34 


Vn 
Equivalent input noise voltage 
1= 
1 kHz 
RS=20n 
25°C 
32 
nV/.JHZ 
See Figur~ 2 


25°C 
55 


80M 
Maximum output-swing 
bandwidth 
VO= 
VOH, 
eL = 20 pF, 
ooe 
60 
kHz 
RL = 100 kn, 
See Figure 1 
70°C 
50 


25°C 
525 


81 
Unity-gain bandwidth 
VI=10mV, 
eL = 20 pF, 
ooe 
610 
kHz 
See Figure 3 
70°C 
400 


25°C 
40° 


<l>m 
Phase margin 
VI = 10 mV, 
1=81, 
ooe 
41° 
eL = 20 pF, 
See Figure 3 
70°C 
39° 


TLC27M4C 
TLC27M4AC 


PARAMETER 
TEST CONDITIONS 
TA 
TLC27M4BC 
UNIT 
TLC27M9C 


MIN 
TYP 
MAX 


25°C 
0.62 


VIPP= 
1 V 
ooe 
0.67 
RL = 100Q, 
70°C 
0.51 
SR 
Slew rate at unity gain 
eL = 20 pF, 
V/~s 
See Figure 1 
25°C 
0.56 


VIPP= 
5.5 V 
ooe 
0.61 


70°C 
0.46 


Vn 
Equivalent input noise voltage 
1= 1 kHz, 
RS = 20 Q, 


25°C 
32 
nV/.JHZ 
See Figure 2 


25°C 
35 


80M 
Maximum output-swing 
bandwidth 
VO= 
VOH, 
eL = 20 pF, 
ooe 
40 
kHz 
RL = 100 kQ, 
See Figure 1 
70°C 
30 


25°C 
635 


81 
Unity-gain bandwidth 
VI=10mV, 
eL = 20 pF, 
ooe 
710 
kHz 
See Figure 3 
70°C 
510 


25°C 
43° 


<l>m 
Phase margin 
VI= 
10mV, 
1=81, 
ooe 
44° 
eL =20 pF, 
See Figure 3 
70°C 
42° 


~TEXAS 
INSTRUMENTS 


TLC27M4,TLC27M4AITLC27M4B,TLC27M4~TLC27M9 
LinCMOSTM PRECISION QUAD OPERATIONAL AMPLIFIERS 


TLC27M41 
TLC27M4AI 


PARAMETER 
TEST CONDITIONS 
TA 
TLC27M4BI 
UNIT 
TLC27M91 


MIN 
TYP 
MAX 


25°C 
0.43 


VIPP= 
1 V 
-40°C 
0.51 
RL = 100 n, 
85°C 
0.35 
SR 
Slew rate at unity gain 
Cl =20 
pF, 
V/JlS 
See Figure 1 
25°C 
0.40 


VIPP'; 
2.5 V 
-40°C 
0.48 


85°C 
0.32 


Vn 
Equivalent input noise voltage 
1= 1 kHz 
RS=20Q, 
25°C 
nV/v'RZ 
See Figure 2 
32 


25°C 
55 


80M 
Maximum output-swing 
bandwidth 
VO= 
VOH, 
Cl = 20 pF, 
-40°C 
75 
kHz 
Rl= 
100kU, 
See Figure 1 
85°C 
45 


25°C 
525 


81 
Unity-gain bandwid1h 
VI = 10 mY, 
Cl =20 
pF, 
-40°C 
770 
kHz 
See Figure 3 


85°C 
370 


25°C 
40° 


<Pm 
Phase margin 
VI = 10 mY, 
1= 81, 
-40°C 
43° 
Cl = 20 pF, 
See Figure 3 
85°C 
38° 


TLC27M41 
TLC27M4AI 


PARAMETER 
TEST CONDITIONS 
TA 
TLC27M4BI 
UNIT 
TLC27M91 


MIN 
TYP 
MAX 


25°C 
0.62 


VIPP= 
1 V 
-40°C 
0.77 
Rl= 
100n, 
85°C 
0.47 


SR 
Slew rate at unity gain 
Cl = 20 pF, 
V/IlS 
See Figure 1 
25°C 
0.56 


VIPP= 
5.5 V 
-40°C 
0.70 


85°C 
0.44 


Vn 
Equivalent input noise voltage 
1= 
1 kHz 
RS = 20 n, 
25°C 
nV/v'RZ 
See Figure 2 
32 


25°C 
35 


80M 
Maximum output-swing 
bandwidth 
VO= 
VOH, 
Cl = 20 pF, 
-40°C 
45 
kHz 
Rl = 100 kQ, 
See Figure 1 
85°C 
25 


25°C 
635 


81 
Unity-gain bandwidth 
VI = 10 mY, 
Cl = 20 pF, 
-40°C 
880 
kHz 
See Figure 3 
85°C 
480 


25°C 
43° 


<l>m 
Phase margin 
VI= 
10mV, 
1=81, 
-40°C 
46° 
Cl = 20 pF, 
See Figure 3 
85°C 
41° 


~TEXAS 
INSTRUMENTS 


TLC27M4,TLC27M4A,TLC27M4B,TLC27M4~TLC27M9 
LinCMOSTM PRECISION QUAD OPERATIONAL 
AMPLIFIERS 


TLC27M4M 


PARAMETER 
TEST CONDITIONS 
TA 
TLC27M9M 
UNIT 


MIN 
TYP 
MAX 


25°C 
0.43 


VIPP = 1 V 
-55°C 
0.54 
RL = 100 Q, 
125°C 
0.29 
SR 
Slew rate at unity gain 
CL = 20 pF, 
V/IlS 
See Figure 1 
25°C 
0.40 


VIPP = 2.5 V 
-55°C 
0.50 


125°C 
0.28 


Vn 
Equivalent input noise voltage 
f = 1 kHz, 
RS =20 Q, 
25°C 
32 
nV/'I'HZ 
See Figure 2 


25°C 
55 


BOM 
Maximum output-swing 
bandwidth 
VO= 
VOH, 
CL = 20 pF, 
-55°C 
80 
kHz 
RL = 100 kQ, 
See Figure 1 
125°C 
40 


25°C 
525 


B1 
Unity-gain bandwidth 
VI=10mV, 
CL = 20 pF, 
-55°C 
850 
kHz 
See Figure 3 
125°C 
330 


25°C 
40° 


<Pm 
Phase margin 
VI= 
10mV, 
f= B1, 
-55°C 
44° 
CL = 20 pF, 
See Figure 3 
125°C 
36° 


TLC27M4M 


PARAMETER 
TEST CONDITIONS 
TA 
TLC27M9M 
UNIT 


MIN 
TYP 
MAX 


25°C 
0.62 


VIPP= 
1 V 
-55°C 
0.81 
RL = 100 Q, 
125°C 
0.38 
SR 
Slew rate at unity gain 
CL = 20 pF, 
V/IlS 
See Figure 1 
25°C 
0.56 


VIPP = 5.5 V 
-55°C 
0.73 


, 
125°C 
0.35 


Vn 
Equivaient input noise voltage 
1= 
1 kHz, 
RS=20Q, 
25°C 
32 
nV/'I'HZ 
See Figure 2 


25°C 
35 


BOM 
Maximum output-swing 
bandwidth 
VO= 
VOH, 
CL = 20 pF, 
-55°C 
50 
kHz 
RL = 100 kQ, 
See Figure 1 
125°C 
20 


25°C 
635 


B1 
Unity-gain bandwidth 
VI=10mV, 
CL=20 
pF, 
-55°C 
960 
kHz 
See Figure 3 
125°C 
440 


25°C 
43° 


<Pm 
Phase margin 
VI = 10 mV, 
I=B1, 
-55°C 
47" 
CL = 20 pF, 
See Figure 3 
125°C 
39° 
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TLC27M4Y 
PARAMETER 
TEST CONDITIONS 
UNIT 
MIN 
TYP 
MAX 


RL = 100 kQ, 
IV'PP = 1 V 
0.43 
SR 
Slew rate at unity gain 
CL = 20 pF, 
IVIPP= 
2.5 V 
V/~s 
See Figure 1 
0.40 


Vn 
Equivalent 
input noise voltage 
1= 1 kHz 
RS = 20 Q, 
nV/v'RZ 
See Figure 2 
32 


80M 
Maximum output-swing 
bandwidth 
VO= 
VOH, 
CL =20 pF, 
55 
kHz 
RL = 100 kQ, 
See Figure 1 


81 
Unity-gain bandwidth 
VI = 10mV, 
CL = 20 pF, 
525 
kHz 
See Figure 3 


<l>m 
Phase margin 
VI= 
10mV, 
1=81, 
40° 
CL = 20 pF, 
See Figure 3 


PARAMETER 
TLC27M4Y 
TEST CONDITIONS 
UNIT 
MIN 
TYP 
MAX 


RL = 100 kQ, 
IVIPP= 
1 V 
0.62 
SR 
Slew rate at unity gain 
CL = 20 pF, 
I VIPP= 
5.5 V 
V/~s 
See Figure 1 
0.56 


Vn 
Equivalent input noise voltage 
1= 1 kHz, 
RS = 20 Q, 
32 
nV/v'RZ 
See Figure 2 


80M 
Maximum output-swing 
bandwidth 
VO= 
VOH, 
CL = 20 pF, 
35 
kHz 
RL = 100 kQ, 
See Figure 1 


81 
Unity-gain bandwidth 
VI=10mV, 
CL = 20 pF, 
635 
kHz 
See Figure 3 


<l>m 
Phase margin 
VI= 
10mV, 
1= 81, 
43° 
CL = 20 pF, 
See Figure 3 
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single-supply versus split-supply test circuits 


Because 
the TLC27M4 
and TLC27M9 
are optimized 
for single-supply 
operation, 
circuit configurations 
used for 
the various 
tests often present 
some inconvenience 
since the input signal, 
in many cases, 
must be offset from 
ground. 
This inconvenience 
can be avoided 
by testing 
the device with split supplies 
and the output 
load tied to 
the negative 
rail. A comparison 
of single-supply 
versus split-supply 
test circuits is shown below. The use of either 
circuit 
gives the same 
result. 


voo- 


(b) SPLIT SUPPLY 


2kQ 
2kQ 


Voo+ 


1/2 voo 
Vo 
Vo 


20Q 


VOO- 


(a) SINGLE SUPPLY 
(b) SPLIT SUPPLY 


Figure 
2. Noise-Test 
Circuit 


10kQ 
10kQ 


voo 
VI 
100Q 
VI 
Vo 
Vo 
1/2Voo 
Cl 
Cl 


VOO- 


(a) SINGLE SUPPLY 
(b) SPLIT SUPPLY 


Figure 
3. Gain-of-100 
Inverting 
Amplifier 
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input bias current 


Because of the high input impedance of the TLC27M4 and TLC27M9 operational amplifiers, attempts to 
measure the input bias current can result in erroneous readings. The bias current at normal room ambient 
temperature is typically less than 1 pA, a value that is easily exceeded by leakages on the test socket. Two 
suggestions are offered to avoid erroneous measurements: 


1. 
Isolate the device from other potential leakage sources. Use a grounded shield around and between 
the device inputs (see Figure 4). Leakages that would otherwise flow to the inputs are shunted away. 


2. 
Compensate for the leakage of the test socket by actually performing an input bias current test (using 
a picoammeter) with no device in the test socket. The actual input bias current can then be calculated 
by subtracting the open-socket leakage readings from the readings obtained with a device in the test 
socket. 


One word of caution ... many automatic testers as well as some bench-top operational amplifier testers use the 
servo-loop technique with a resistor in series with the device input to measure the input bias current (the voltage 
drop across the series resistor is measured and the bias current is calculated). This method requires that a 
device be inserted into the test socket to obtain a correct reading; therefore, an open-socket reading is not 
feasible using this method. 


Figure 4. Isolation Metal Around Device Inputs 
(J and N packages) 


To obtain low-supply-voltage operation, some compromise was necessary in the input stage. This compromise 
results in the device low-level output being dependent on both the common-mode input voltage level as well 
as the differential input voltage level. When attempting to correlate low-level output readings with those quoted 
in the electrical specifications, these two conditions should be observed. If conditions other than these are to 
be used, please refer to Figures 14 through 19 in the Typical Characteristics of this data sheet. 
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input offset voltage temperature 
coefficient 


Erroneous readings often result from attempts to measure temperature coefficient of input offset voltage. This 
parameter is actually a calculation using input offset voltage measurements obtained at two different 
temperatures. When one (or both) of the temperatures is below freezing, moisture can collect on both the device 
and the test socket. This moisture results in leakage and contact resistance, which can cause erroneous input 
offset voltage readings. The isolation techniques previously mentioned have no effect on the leakage since the 
moisture also covers the isolation metal itself, thereby rendering it useless. It is suggested that these 
measurements be performed at temperatures above freezing to minimize error. 


full-power 
response 


Full-power response, the frequency above which the operational amplifier slew rate limits the output voltage 
swing, is often specified two ways: full-linear response and fUll-peak response. The full-linear response is 
generally measured by monitoring the distortion level of the output while increasing the frequency of a sinusoidal 
input signal until the maximum frequency is found above which the output contains significant distortion. The 
full-peak response is defined as the maximum output frequency, without regard to distortion, above which full 
peak-to-peak output swing cannot be maintained. 


Because there is no industry-wide accepted value for significant distortion, the full-peak response is specified 
in this data sheet and is measured using the circuit of Figure 1. The initial setup involves the use of a sinusoidal 
input to determine the maximum peak-to-peak output of the device (the amplitude of the sinusoidal wave is 
increased until clipping occurs). The sinusoidal wave is then replaced with a square wave of the same 
amplitude. The frequency isthen increased until the maximum peak-to-peak output can no longer be maintained 
(Figure 5). A square wave is used to allow a more accurate determination of the point at which the maximum 
peak-to-peak output is reached. 
n J1 A 


Inadequate test time is a frequent problem, especially when testing CMOS devices in a high-volume, 
short-test-time environment. Internal capacitances are inherently higher in CMOS than in bipolar and BiFET 
devices and require longer test times than their bipolar and BiFET counterparts. The problem becomes more 
pronounced with reduced supply levels and lower temperatures. 
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FIGURE 


Via 
Input offset voltage 
Distribution 
6,7 


a.VIO 
Temperature coefficient of input offset voltage 
Distribution 
8,9 


vs High-level output current 
10,11 


VOH 
High-level output voltage 
vs Supply voltage 
12 
vs Free-air temperature 
13 


vs Common-mode 
input voltage 
14,15 


VOL 
Low-level output voltage 
vs Differential input voltage 
16 
vs Free-air temperature 
17 
vs Low-level output current 
18,19 


vs Supply voltage 
20 
AVD 
Differential voltage amplification 
vs Free-air temperature 
21 
vs Frequency 
32,33 


liB 
Input bias current 
vs Free-air temperature 
22 


110 
Input offset current 
vs Free-air temperature 
22 


VIC 
Common-mode 
input voltage 
vs Supply voltage 
23 


IDD 
Supply current 
vs Supply voltage 
24 
vs Free-air temperature 
25 


SR 
Slew rate 
vs Supply voltage 
26 
vs Free-air temperature 
27 


Normalized slew rate 
vs Free-air temperature 
28 


VO(PPl 
Maximum peak-to-peak 
output voltage 
vs Frequency 
29 


B1 
Unity-gain bandwid1h 
vs Free-air temperature 
30 
vs Supply voltage 
31 


Phase shift 
vs Frequency 
32,33 


vs Supply voltage 
34 
.pm 
Phase margin 
vs Free-air temperature 
35 
vs Load capacitance 
36 


Vn 
Equivalent input noise voltage 
vs Frequency 
37 
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HIGH·LEVEL 
OUTPUT VOLTAGE 
vs 
HIGH-LEVEL 
OUTPUT CURRENT 
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Figure 10 
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LOW-LEVEL 
OUTPUT VOLTAGE 
vs 
COMMON·MODE 
INPUT VOLTAGE 
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Figure 17 
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INPUT BIAS CURRENT AND INPUT OFFSET CURRENT 
vs 
FREE-AIR TEMPERATURE 
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single-supply 
operation 


While the TLC27M4 and TLC27M9 perform well using dual power supplies (also called balanced or split 
supplies), the design is optimized for single-supply operation. This design includes an input common-mode 
voltage range that encompasses ground as well as an output voltage range that pulls down to ground. The 
supply voltage range extends down to 3 V (C-suffix types), thus allowing operation with supply levels commonly 
available for TTL and HCMOS; however, for maximum dynamic range, 16-V single-supply operation is 
recommended. 


Many single-supply applications require that a voltage be applied to one input to establish a reference level that 
is above ground. A resistive voltage divider is usually sufficient to establish this reference level (see Figure 38). 
The low input bias current of the TLC27M4 and TLC27M9 permits the use of very large resistive values to 
implement the voltage divider, thus minimizing power consumption. 


The TLC27M4 and TLC27M9 work well in conjunction with digital logic; however, when powering both linear 
devices and digital logic from the same power supply, the following precautions are recommended: 


1. 
Power the linear devices from separate bypassed supply lines (see Figure 39); otherwise, the linear 
device supply rails can fluctuate due to voltage drops caused by high switching currents in the digital 
logic. 


2. 
Use proper bypass techniques to reduce the probability of noise-induced errors. Single capacitive 
decoupling is often adequate; however, high-frequency applications may require RC decoupling. 


VREF = voo ---!!L 
R1 + R3 


R4 
Vo = (VREF - VI) R2 + VREF 
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Power 
Supply 


Power 
Supply 


input characteristics 


The TLC27M4 
and TLC27M9 
are specified 
with a minimum 
and a maximum 
input voltage 
that, if exceeded 
at 
either 
input, 
could 
cause 
the device 
to malfunction. 
Exceeding 
this specified 
range 
is a common 
problem, 
especially 
in single-supply 
operation. 
Note that the lower range limit includes 
the negative 
rail, while the upper 
range limit is specified 
at Voo 
- 1 Vat 
TA = 25°C and at Voo 
- 1.5 V at all other temperatures. 


The use of the polysilicon-gate 
process 
and the careful 
input circuit design 
gives the TLC27M4 
and TLC27M9 
very good input offset voltage 
drift characteristics 
relative to conventional 
metal-gate 
processes. 
Offset voltage 
drift in CMOS 
devices 
is highly influenced 
by threshold 
voltage 
shifts caused 
by polarization 
of the phosphorus 
dopant 
implanted 
in the oxide. 
Placing 
the phosphorus 
dopant 
in a conductor 
(such 
as a polysilicon 
gate) 
alleviates 
the polarization 
problem, 
thus reducing 
threshold 
voltage 
shifts by more than an order of magnitude. 


The offset voltage 
drift with time has been calculated 
to be typically 
0.1 f.tVImonth, 
including 
the first month of 
operation. 


Because 
of the extremely 
high input impedance 
and resulting 
low bias current 
requirements, 
the TLC27M4 
and 
TLC27M9 
are well suited for low-level 
signal 
processing; 
however, 
leakage 
currents 
on printed 
circuit 
boards 
and sockets 
can easily 
exceed 
bias current 
requirements 
and cause 
a degradation 
in device 
performance. 
It 
is good practice 
to include guard rings around inputs (similar to those of Figure 4 in the Parameter 
Measurement 
Information 
section). 
These 
guards 
should 
be driven 
from a low-impedance 
source 
at the same voltage 
level 
as the common-mode 
input (see Figure 40). 


Unused 
amplifiers 
should 
be connected 
as unity-gain 
followers 
to avoid possible 
oscillation. 


noise performance 


The noise specifications 
in operational 
amplifier 
circuits 
are greatly 
dependent 
on the current 
in the first-stage 
differential 
amplifier. 
The low input bias current 
requirements 
of the TLC27M4 
and TLC27M9 
result in a very 
low noise 
current, 
which 
is insignificant 
in most 
applications. 
This 
feature 
makes 
the 
devices 
especially 
favorable 
over bipolar devices 
when using values of circuit impedance 
greater than 50 kQ, since bipolar devices 
exhibit 
greater 
noise currents. 
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(b) INVERTING 
AMPLIFIER 


Figure 40. Guard-Ring Schemes 


output characteristics 


The output stage of the TLC27M4 and TLC27M9 is designed to sink and source relatively high amounts of 
current (see typical characteristics). If the output is sUbjected to a short-circuit condition, this high current 
capability can cause device damage under certain conditions. Output current capability increases with supply 
voltage. 


All operating characteristics of the TLC27M4 and TLC27M9 were measured using a 20-pF load. The devices 
drive higher capacitive loads; however, as output load capacitance increases, the resulting response pole 
occurs at lower frequencies, thereby causing ringing, peaking, or even oscillation (see Figure 41). In many 
cases, adding a small amount of resistance in series with the load capacitance alleviates the problem. 
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V 
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Figure 41. Effect of Capacitive 
Loads and Test Circuit 
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output characteristics (continued) 


Although the TLC27M4 and TLC27M9 possess excellent high-level output voltage and current capability, 
methods for boosting this capability are available, if needed. The simplest method involves the use of a pullup 
resistor (Rp) connected from the output to the positive supply rail (see Figure 42). There are two disadvantages 
to the use of this circuit. First, the NMOS pulldown transistor N4 (see equivalent schematic) must sink a 
comparatively large amount of current. In this circuit, N4 behaves like a linear resistor with an on-resistance 
between approximately 60 nand 180 n, depending on how hard the op amp input is driven. With very low values 
of Rp, a voltage offset from 0 V at the output occurs. Second, pullup resistor Rp acts as a drain load to N4 and 
the gain of the operational amplifier is reduced at output voltage levels where N5 is not supplying the output 
current. 


R 
_ 
voo-vo 
P - 
IF + IL + Ip 


Vo 
Ip = Pullup current required 
by the operational 
ampl 
(typically 
500 llA) 


Figure 42. Resistive Pullup 
to Increase VOH 
Figure 43. Compensation 
for 
Input Capacitance 


Operational amplifier circuits nearly always employ feedback, and since feedback is the first prerequisite for 
oscillation, some caution is appropriate. Most oscillation problems result from driving capacitive loads 
(discussed previously) and ignoring stray input capacitance. A small-value capacitor connected in parallel with 
the feedback resistor is an effective remedy (see Figure 43). The value of this capacitor is optimized empirically. 


electrostatic discharge protection 


The TLC27M4 and TLC27M9 incorporate an internal electrostatic discharge (ESD) protection circuit that 
prevents functional failures at voltages up to 2000 V as tested under MIL-STD-883C, Method 3015.2. Care 
should be exercised, however, when handling these devices as exposure to ESD may result in the degradation 
of the device parametric performance. The protection circuit also causes the input bias currents to be 
temperature-dependent and have the characteristics of a reverse-biased diode. 


Because CMOS devices are susceptible to latch-up due to their inherent parasitic thyristors, the TLC27M4 and 
TLC27M9 inputs and outputs were designed to withstand -1 OO-mAsurge currents without sustaining latch-up; 
however, techniques should be used to reduce the chance of latch-up whenever possible. Internal protection 
diodes should not, by design, be forward biased. Applied input and output voltage should not exceed the supply 
voltage by more than 300 mY. Care should be exercised when using capacitive coupling on pulse generators. 
Supply transients should be shunted by the use of decoupling capacitors (0.1 ~F typical) located across the 
supply rails as close to the device as possible. 
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The current 
path established 
if latch-up 
occurs 
is usually 
between 
the positive 
supply 
rail and ground 
and can 
be triggered 
by surges 
on the supply 
lines and/or voltages 
on either the output or inputs that exceed 
the supply 
voltage. 
Once 
latch-up 
occurs, 
the current 
flow is limited 
only by the impedance 
of the power 
supply 
and the 
forward 
resistance 
of the parasitic 
thyristor 
and usually 
results 
in the destruction 
of the device. 
The chance 
of 
latch-up 
occurring 
increases 
with increasing 
temperature 
and supply 
voltages. 
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+1 
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NOTE: 
VDD = 4 V to 15 V 
VREF = 0 V to VDD - 2 V 


Figure 47. Photo-Diode Amplifier With Ambient Light Rejection 


~TEXAS 
INSTRUMENTS 


TLC27M4, TLC27M4A, TLC27M4B, TLC27M4Y, TLC27M9 
LinCMOSTM PRECISION QUAD OPERATIONAL AMPLIFIERS 


NOTE: 
VDD=8Vlo16V 
Vo=5V,10mA 


Figure 48. Low-Power 
Voltage 
Regulator 
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• 
Power Dissipation 
as Low as 10 llW Typ Per 
Amplifier 


• 
Operates on a Single Silver-Oxide 
Watch 
Battery, Voo = 1.4 V Min 


• 
VIO'" 
450 llVlS50 llV Max in DIP and 
Small-Outline 
Package (TLC107Sn9) 


• 
Input Offset Voltage Drift ... 
0.1 llVlMonth 
Typ, Including 
the First 30 Days 


• 
High-impedance 
LinCMOS'" 
Inputs 
liB = 0.6 pA Typ 


• 
High Open-Loop Gain ... 
SOOOOOTyp 


• 
Output Drive Capability> 
20 mA 


• 
Slew Rate ... 
47 Vlms Typ 
• 
Common-Mode 
Input Voltage Range 
Extends Below the Negative Rail 


• 
Output Voltage Range Includes Negative 
Rail 


• 
On-Chip ESD-Protection 
Circuitry 


• 
Small-Outline 
Package Option Also 
Available in Tape and Reel 


description 


The TLC107x operational amplifiers offer ultra- 
low offset voltage, high gain, 11O-kHzbandwidth, 
47-V/ms 
slew 
rate, and just 
150-11W power 
dissipation per amplifier. 


With a supply voltage of 1.4 V, common-mode 
input to the negative rail, and output swing to the 
negative rail, the TLC107xC isan ideal solution for 
low-voltage 
battery-operated 
systems. 
The 
20-mA output drive capability means that the 
TLC107x can easily drive small resistive and large 
capacitive loads when needed, while maintaining 
ultra-low standby power dissipation. 


Since this device isfunctionally compatible as well 
as 
pin compatible 
with 
the 
TLC27L214 and 
TLC27L7/9, 
the 
TLC107x 
easily 
upgrades 
existing designs that can benefit from its improved 
performance. 


~~~~~~~~::~: 
11=r;C:~~sl~~~r::~~~:: 
~~:~l~~~~~:i 
standard warranty. Production processing does not necessarily Include 
testing of III plrametera. 
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description 
(continued) 


The TLC107x incorporates internal ESD-protection circuits that will prevent functional failures at voltages up 
to 2000 V as tested under MIL-PRF-38535, Method 3015.2; however, care should be exercised when handling 
these devices as exposure to ESD may result in degradation of the device parametric performance. The 
TLC107x design also inhibits latch-up of the device inputs and outputs even with surge currents as large 
100 mA. 


The C-suffix devices are characterized for operation from O°Cto 70°C. The I-suffix devices are characterized 
for operation from -40°C to 85°C. The M-suffix devices are characterized for operation over the full military 
temperature range of -55°C 
to 125°C. The wide range of packaging options includes small-outline and 
chip-carrier versions for high-density system applications. 


PACKAGED DEVICES 
CHIP 
TA 
SMALL OUTLINEt 
CHIP CARRIER 
CERAMIC 
DIP 
CERAMIC 
DIP 
PLASTIC DIP 
PLASTIC DIP 
FORM* 


(D) 
(FK) 
(J) 
(JG) 
(N) 
(P) 
(Y) 


O°C to 70°C 
TLC1078CD 
TLC1079CN 
TLC1078CP 
TLC1078Y 
TLC1079CD 
- 
- 
- 
TLC1079Y 


-40°C 
to 85°C 
TLC10781D 
- 
TLC10791N 
TLC10781P 
TLC10791D 
- 
- 
- 
- 


-55°C 
to 125°C 
TLC1078MD 
TLC1078MFK 
TLC1079MJ 
TLC1078MJG 
TLC1079MN 
TLC1078MP 
TLC1079MD 
TLC1079MFK 
- 


t The D package is available taped and reeled. Add the suffix R to the device type (e.g., TLC1 078CDR). 
:j: Chip forms are tested 25°C only. 


IN-=t>- OUT 
IN+ 
+ 
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TLC1087V chip information 


This chip, when properly assembled, displays characteristics similar to the TLC1Ol8C. Thermal compression 
or ultrasonic bonding may be used on the doped-aluminum bonding pads. Chips can be mounted with 
conductive epoxy or a gold-silicon preform. 


~ 
72 
.1 
1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1' 


11N+ 
(3) 


(2) 


2IN+~5) 
+ 
(6) 
20UT 
21N- 
- 


(4) 


VDD_/GND 


CHIP THICKNESS: 
15 MILS TYPICAL 


BONDING 
PADS: 4 x 4 MILS MINIMUM 


TJmax = 150°C 


TOLERANCES 
ARE ± 10%. 


ALL DIMENSIONS 
ARE IN MILS. 
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TLC1079Y chip information 


This chip, when properly assembled, display characteristics similar to the TLC1079C. Thermal compression 
or ultrasonic bonding may be used on the doped-aluminum bonding pads. Chips can be mounted with 
conductive epoxy or a gold-silicon preform. 


~ 
ro 
~ 


1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1 


(2) 
11N- 


2IN+~ 


2IN-~ 


31N+ 
~10) 
+ 
(8) 


(9) 
31N- 


(12) 


CHIP THICKNESS: 
15 MILS TYPICAL 


BONDING 
PADS: 4 x 4 MILS MINIMUM 


TJmax = 150°C 


TOLERANCES 
ARE ±10%. 


ALL DIMENSIONS 
ARE IN MILS. 


PIN (11) IS INTERNALLY 
CONNECTED 
TO BACKSIDE 
OF CHIP. 
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ACTUAL DEVICE COMPONENT 
COUNT 


COMPONENT 
TLC1078 
TLC1079 


Transistors 
38 
76 


Resistors 
16 
32 


Diodes 
12 
24 


Capacitors 
2 
4 
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 


Supply voltage, Voo (see Note 1) 
18 V 
Differential input voltage, VIO (see Note 2) 
±VOO 
Input voltage range, VI (any input) 
-0.3 V to VOO 
Input current, I, (each input) 
± 5 mA 
Output current, 10 (each output) 
± 30 mA 
Total current into Voo (see Note 3) 
45 mA 
Duration of short-circuit at (or below) TA = 25°C (see Note 3) 
unlimited 
Continuous total power dissipation 
see Dissipation Rating Table 
Operating free-air temperature range, TA: C suffix 
O°Cto 70°C 
I suffix 
-40°C to 85°C 
M suffix 
-55°C to 125°C 
Storage temperature range 
-65°C to 150°C 
Case temperature for 60 seconds: FK package 
260°C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: D or P package 
260°C 
Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds: JG package 
300°C 


t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional 
operation of the device at these or any other conditions 
beyond those indicated under "recommended 
operating conditions" 
is not 


implied. Exposure to absolute-maximum-rated 
conditions for extended periods may affect device reliability. 
NOTES: 
1. 
All voltage values, except differential voltages, are with respect to network ground. 
2. 
Differential voltages are at IN+ with respect to IN-. 
3. 
The output may be shorted to either supply. Temperature 
and/or supply voltages must be limited to ensure that the maximum 


dissipation 
ratings are not exceeded. 


PACKAGE 
TA" 
25°C 
DERATING FACTOR 
TA = 70°C 
TA = 85°C 
TA = 125°C 
POWER RATING 
ABOVE TA = 25°C 
POWER RATING 
POWER RATING 
POWER RATING 


D--8 
725mW 
5.8 mW/oC 
464mW 
377mW 
145mW 


D-14 
950mW 
7.6mW/oC 
608mW 
494mW 
190mW 


FK 
1375mW 
11.0mW/oC 
880mW 
715mW 
275mW 


J 
1375mW 
11.0 mW/oC 
880mW 
715mW 
275mW 


JG 
1050mW 
B.4 mW/oC 
672mW 
546mW 
210mW 


N 
1150mW 
9.2 mW/oC 
736mW 
598mW 
230mW 


p 
1000 mW 
8.0 mW/oC 
640mW 
520mW 
200mW 


CSUFFIX 
I SUFFIX 
M SUFFIX 
UNIT 
MIN 
MAX 
MIN 
MAX 
MIN 
MAX 


Supply voltage, VDD 
1.4 
16 
3 
16 
4 
16 
V 


I VDD=5 
V 
-0.2 
4 
-0.2 
4 
0 
4 


Common-mode 
input voltage, VIC I 
V 
VDD= 
10V 
-0.2 
9 
-0.2 
9 
0 
9 


Operating free-air temperature, 
TA 
0 
70 
-40 
85 
-55 
125 
°C 


~TEXAS 
INSTRUMENTS 


TLC1078, TLC1078Y, TLC1079, TLC1079Y 
LinCMOSTM IlPOWER 
PRECISION 
OPERATIONAL AMPLIFIERS 
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TLC1078C 


PARAMETER 
TEST 
TAt 
VOO =5V 
VOO=10V 
UNIT 
CONOITIONS 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


VO=1.4V, 
25°C 
160 
450 
180 
600 
Via 
Input offset voltage 
RS=50Q, 
Full range 
800 
950 
l-lV 


Temperature coefficient of input 
VIC=O, 


aVIO 
offset voltage 
RI=l 
Mil 
25°C to 70°C 
1.1 
1 
l-lV/oC 


25°C 
0.1 
0.1 
110 
Input offset current (see Note 4) 
70°C 
7 
300 
7 
300 
pA 
Va =VOo/2, 
VIC =Voo/2 
25°C 
0.6 
0.7 
liB 
Input bias current (see Note 4) 


70°C 
40 
600 
50 
600 
pA 


25°C 
-0.2 
-0.3 
-{).2 
-{).3 
V 
Common-mode 
input voltage 
t04 
to 4.2 
t09 
to 9.2 
VICR 
range (see Note 5) 
-0.2 
-0.2 
Full range 
to 3.5 
to 8.5 
V 


25°C 
3.2 
4.1 
8.2 
8.9 


VOH 
High-level output voltage 
VID= 
100mV, 
O°C 
3.2 
4.1 
8.2 
8.9 
V 
RL= 1 Mil 
70°C 
3.2 
4.2 
8.2 
8.9 


25°C 
0 
25 
0 
25 


VOL 
Low-level output voltage 
VIO =-100 
mV, 
O°C 
0 
25 
0 
25 
mV 
10L=0 
70°C 
0 
25 
0 
25 


25°C 
250 
525 
500 
850 


AVO 
Large-signal 
differential voltage 
RL= 1 MQ, 
O°C 
250 
680 
500 
1010 
VlmV 
amplification 
See Note 6 
70°C 
200 
380 
350 
660 


25°C 
70 
95 
75 
97 


CMRR 
Common-mode 
rejection ratio 
VIC = VICRmin 
O°C 
70 
95 
75 
97 
dB 


70°C 
70 
95 
75 
97 


25°C 
75 
98 
75 
98 


kSVR 
Supply-voltage 
rejection ratio 
VO=l.4V 
O°C 
75 
98 
75 
98 
dB 
(t.vOO/,1VIO) 
70°C 
75 
98 
75 
98 


Va =VOD/2, 
25°C 
20 
34 
29 
46 


'00 
Supply current (two amplifiers) 
VIC =Voo/2, 
O°C 
24 
42 
36 
66 
l-lA 
No load 
70°C 
16 
28 
22 
40 
t Full range is O°C to 70°C. 
NOTES: 
4. 
The typical values of input bias current and input offset current below 5 pA were determined 
mathematically. 


5. 
This range also applies to each input individually. 


6. 
At VOO = 5 V. Va = 0.25 V to 2 V; at VOO = 10 V, Va = 1 V to 6 V. 
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AMPLIFIERS 
SLOS179- 
FEBRUARY 
1997 


TLC1079C 


PARAMETER 
TEST CONOITIONS 
TAt 
VOO=5V 
VOO=10V 
UNIT 


MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


25°C 
190 
850 
200 
1150 
VIO 
Input offset voltage 
VO=1.4V, 
VIC=O. 
Full range 
1200 
1500 
JlV 


Temperature coefficient of 
RS=50n, 
RI=1 
MQ 
25°C to 
nVIO 
input offset voltage 
70°C 
1.1 
1 
JlV/oC 


Input offset current 
25°C 
0.1 
0.1 
'10 
pA 
(see Note 4) 
VO=VOO/2, 
70°C 
7 
300 
7 
300 


Input bias current 
VIC =VOO/2 
25°C 
0.6 
0.7 
liB 
(see Note 4) 
70°C 
40 
600 
50 
600 
pA 


25°C 
-0.2 
-0.3 
-0.2 
-0.3 
V 
Common mode input 
t04 
to 4.2 
to 9 
to 9.2 
VICR 
voltage range (see Note 5) 
-0.2 
-0.2 
Full range 
to 3.5 
to 8.5 
V 


25°C 
3.2 
4.1 
8.2 
8.9 


VOH 
High-level output voltage 
VIO= 
100 mY. 
O°C 
3.2 
4.1 
8.2 
8.9 
V 
RL= 1 MQ 
70°C 
3.2 
4.2 
8.2 
8.9 


25°C 
0 
25 
0 
25 


VOL 
Low-level output voltage 
VIO = -100 mY, 
O°C 
0 
25 
0 
25 
mV 
10L=0 
70°C 
0 
25 
0 
25 


25°C 
250 
525 
500 
850 


AVO 
Large-signal 
differential 
RL= 
1 MQ. 
See Note 6 
O°C 
250 
700 
500 
1010 
V/mV 
voltage amplification 
70°C 
200 
380 
350 
660 


25°C 
70 
95 
75 
97 


CMRR 
Common mode rejection 
VIC = VICRmin 
O°C 
70 
95 
75 
97 
dB 
ratio 
70°C 
70 
95 
75 
97 


25°C 
75 
98 
75 
98 


kSVR 
Supply-voltage 
rejection 
VoO=5Vt010V. 
O°C 
75 
98 
75 
98 
dB 
ratio (t.VOO/t.VIO) 
VO=1.4V 
70°C 
75 
98 
75 
98 


25°C 
40 
68 
57 
92 


'00 
Supply current (four 
VO=VOO/2, 
O°C 
48 
84 
72 
132 
JlA 
amplifiers) 
V,C = VOO/2. 
No load 
70°C 
31 
56 
44 
80 
t Full range is O°C to 70°C. 
NOTES: 
4. 
The typical values of input bias current and input offset current below 5 pA were determined 
mathematically. 
5. 
This range also applies to each input individually. 


6. 
At VOO = 5 V, Vo = 0.25 V to 2 V; at VOO = 10 V. Vo = 1 V to 6 V. 
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TLC1078C 


PARAMETER 
TEST CONOITIONS 
TA 
VOO=5V 
VOO= 
10V 
UNIT 


MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


25°C 
32 
47 


SR 
Slew rate at unity gain 
RL= 
1 MO, 
eL = 20 pF, 
ooe 
35 
51 
V/ms 
VI(PP) = 1 V, 
See Figure 1 
70°C 
27 
38 


Vn 
Equivalent input noise voltage 
f = 1 kHz, 
RS =200 
25°C 
68 
68 
nV/..fFfZ 


25°C 
85 
110 


B1 
Unity-gain bandwidth 
eL = 20 pF, 
See Figure 2 
ooe 
100 
125 
kHz 


70°C 
65 
90 


25°C 
34° 
38° 


epm 
Phase margin at unity gain 
eL = 20 pF, 
See Figure 2 
ooe 
36° 
40° 


70°C 
30° 
34° 


TLC1079C 


PARAMETER 
TEST CONOITIONS 
TA 
VOO=5 
V 
VOO = 10V 
UNIT 


MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


25°C 
32 
47 


SR 
Slew rate at unity gain 
RL= 
1 MO, 
eL = 20 pF, 
ooe 
35 
51 
V/ms 
VI(PP) = 1 V, 
See Figure 1 
70°C 
27 
38 


Vn 
Equivalent input noise voltage 
f = 1 kHz, 
RS=200 
25°C 
68 
68 
nV/..fFfZ 


25°C 
85 
110 


B1 
Unity-gain bandwidth 
eL = 20 pF, 
See Figure 2 
ooe 
100 
125 
kHz 


70°C 
65 
90 


25°C 
34° 
38° 


epm 
Phase margin at unity gain 
eL= 
20 pF, 
See Figure 2 
ooe 
36° 
40° 


70°C 
30° 
34° 
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TLC10781 


PARAMETER 
TEST 
TAt 
VOO=5 
V 
VOO=10V 
UNIT 
CONOITIONS 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


25°C 
160 
450 
180 
600 
VIO 
Input offset voltage 
VO=1.4V, 
Full range 
950 
1100 
!1V 
RS = 50 Q, 


aVIO 
Temperature coefficient of Input 
VIC = 0, RI = 1 MQ 
25°C to 85°C 
1.1 
1 
!1V/oC 
offset voltage 


Input offset current 
25°C 
0.1 
0.1 
110 
(see Note 4) 
85°C 
24 
1000 
26 
1000 
pA 
Vo = VOO/2, 
VIC =VOO/2 
25°C 
0.6 
0.7 
liB 
Input bias current (see Note 4) 


85°C 
200 
2000 
220 
2000 
pA 


25°C 
-0.2 
-0.3 
-0.2 
-0.3 
V 
Common-mode 
input voltage 
to 4 
t04.2 
to 9 
to 9.2 
VICR 
range (see Note 5) 
-0.2 
-0.2 
Full range 
to 3.5 
to 8.5 
V 


25°C 
3.2 
4.1 
8.2 
8.9 


VOH 
High-level output voltage 
VID= 
100 mV, 
-40°C 
3.2 
4.1 
8.2 
8.9 
V 
RL= 
1 MQ 
85°C 
3.2 
4.2 
8.2 
8.9 


25°C 
0 
25 
0 
25 


VOL 
Low-level output voltage 
VIO = -100 mV, 
-40°C 
0 
25 
0 
25 
mV 
10L=0 
85°C 
0 
25 
0 
25 


25°C 
250 
525 
500 
850 


AVO 
Large-signal 
differential voltage 
RL= 
1 MQ, 
-40°C 
250 
900 
500 
1550 
V/mV 
amplification 
See Note 6 
85°C 
150 
300 
250 
585 


25°C 
70 
95 
75 
97 


CMRR 
Common-mode 
rejection ratio 
VIC = VICRmin 
-40°C 
70 
95 
75 
97 
dB 


85°C 
70 
95 
75 
97 


25°C 
75 
98 
75 
98 


kSVR 
Supply-voltage 
rejection ratio 
VO=1.4V 
-40°C 
75 
98 
75 
98 
dB 
(~VOO/tNIO) 
85°C 
75 
98 
75 
98 


VO=VOO/2, 
25°C 
20 
34 
29 
46 


100 
Supply current (two amplifiers) 
VIC = VOO/2, 
-40°C 
31 
54 
50 
86 
!1A 
No load 
85°C 
15 
26 
20 
36 
t Full range is -40°C 
to 80°C. 


NOTES: 
4. 
The typical values of input bias current and input offset current below 5 pA were determined 
mathematically. 


5. 
This range also applies to each input individually. 


6. 
At VOD = 5 V, Vo = 0.25 V to 2 V; at VOO = 10 V, Vo = 1 V to 6 V. 
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TLC10791 


PARAMETER 
TEST CONOITIONS 
TAt 
VOO=5 
V 
VOO= 
10V 
UNIT 


MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


25°C 
190 
850 
200 
1150 
VIO 
Input offset voltage 
VO=l.4V, 
VIC=O, 
Full range 
1350 
1650 
J.1V 


Temperature coefficient 
RS= 50Q, 
RI=l 
MQ 
25°C to 
aVIO 
of input offset voltage 
85°C 
1.1 
1 
J.1V/oC 


Input offset current 
25°C 
0.1 
0.1 
110 
(see Note 4) 
85°C 
24 
1000 
26 
1000 
pA 
VO=VOO/2, 


Input bias current 
VIC=VOO/2 
25°C 
0.6 
0.7 
liB 
(see Note 4) 
85°C 
200 
2000 
220 
2000 
pA 


Common-mode 
input 
25°C 
-0.2 
-0.3 
-0.2 
-0.3 
V 
t04 
to 4.2 
t09 
to 9.2 
VICR 
voltage range 
-0.2 
-0.2 
(see Note 5) 
Full range 
to 3.5 
to 8.5 
V 


25°C 
3.2 
4.1 
8.2 
8.9 


VOH 
High-level output voltage 
VIO = 100 mY, 
-40°C 
3.2 
4.1 
8.2 
8.9 
V 
RL= 
1 MQ 
85°C 
3.2 
4.2 
8.2 
8.9 


25°C 
0 
25 
0 
25 


VOL 
Low-level output voltage 
VIO = -100 mY, 
-40°C 
0 
25 
0 
25 
mV 
10L=0 
85°C 
0 
25 
0 
25 


25°C 
250 
525 
500 
850 


AVO 
Large-signal differential 
RL= 
1 MQ, 
See Note 6 
-40°C 
250 
900 
500 
1550 
V/mV 
voltage amplification 
85°C 
150 
330 
250 
585 


25°C 
70 
95 
75 
97 


CMRR 
Common-mode 
VIC = VICRmin 
-40°C 
70 
95 
75 
97 
dB 
rejection ratio 
85°C 
70 
95 
75 
97 


25°C 
75 
98 
75 
98 


kSVR 
Supply-voltage 
rejection 
VOO=5Vto10V, 
-40°C 
75 
98 
75 
98 
dB 
ratio (IlVOO/IlVIO) 
VO=l.4V 
85°C 
75 
98 
75 
98 


25°C 
40 
68 
57 
92 


100 
Supply current 
VO= 
VOO/2, 
-40°C 
62 
108 
98 
172 
J.1A 
(four amplifiers) 
VIC = VOO/2, 
No load 
85°C 
29 
52 
40 
72 
t Full range is -40°C 
to 85°C. 


NOTES: 
4. 
The typical values of input bias current and input offset current below 5 pA were determined 
mathematically. 


5. 
This range also applies to each input individually. 


6. 
At VOO = 5 V, Vo = 0.25 V to 2 V; at VOO = 10 V, Vo = 1 V to 6 V. 
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TLC10781 


PARAMETER 
TEST CONOITIONS 
TA 
VOO=5V 
VOO=10V 
UNIT 


MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


25°C 
32 
47 


SR 
Slew rate at unity gain 
RL = 1 MQ, 
CL = 20 pF, 
-40°C 
39 
59 
V/ms 
VI{PP) = 1 V, 
See Figure 1 
85°C 
25 
34 


Vn 
Equivalent input noise voltage 
f = 1 kHz, 
RS =20 n 
25°C 
68 
68 
nV/'I'HZ 


25°C 
85 
110 


61 
Unity-gain bandwidth 
CL = 20 pF, 
See Figure 2 
-40°C 
130 
155 
kHz 


85°C 
55 
80 


25°C 
34° 
38° 


<l>m 
Phase margin at unity gain 
CL = 20 pF, 
See Figure 2 
-40°C 
38° 
40° 


85°C 
28° 
32° 


TLC10791 


PARAMETER 
TEST CONDITIONS 
TA 
VOO=5 
V 
VOO=10V 
UNIT 


MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


25°C 
32 
47 


SR 
Slew rate at unity gain 
RL = 1 MQ, 
CL = 20 pF, 
-40°C 
39 
59 
V/ms 
VI(PP) = 1 V, 
See Figure 1 
85°C 
25 
34 


Vn 
Equivalent input noise voltage 
f= 
1 kHz, 
RS=20n 
25°C 
68 
68 
nV/-JHZ 


25°C 
85 
110 


61 
Unity-gain bandwidth 
CL = 20 pF, 
See Figure 2 
-40°C 
130 
155 
kHz 


85°C 
55 
80 


25°C 
34° 
38° 


<l>m 
Phase margin at unity gain 
CL = 20 pF, 
See Figure 2 
-40°C 
38° 
42° 


85°C 
28° 
32° 
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TLC1078M 


PARAMETER 
TEST 
TAt 
VOO =5 V 
VOO=10V 
UNIT 
CONOITIONS 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


VO=1.4V, 
25°C 
160 
450 
180 
600 
VIO 
Input offset voltage 
IlV 
VIC=O, 
Full range 
1250 
1400 


Temperature coefficient of 
RS = 50 Q, 


25°C to 125°C 
IlV/oC 
ClVIO 
input offset voltage 
RL= 
1 Mn 
1.4 
1.4 


Input offset current 
25°C 
0.1 
0.1 
pA 
110 
(see Note 4) 
125°C 
1.4 
15 
1.8 
15 
nA 
VO=VOO/2, 


Input bias current 
VIC =Voo/2 
25°C 
0.6 
0.7 
pA 
liB 
(see Note 4) 
125°C 
9 
35 
10 
35 
nA 


25°C 
0 
-0.3 
0 
-0.3 
V 
t04 
to 4.2 
t09 
to 9.2 
VICR 
Common-mode 
inpu1 
voltage range (see Note 5) 
0 
0 
Full range 
to 3.5 
to 8.5 
V 


25°C 
3.2 
4.1 
8.2 
8.9 


VOH 
High-level output voltage 
VIO = 100 mY, 
-55°C 
3.2 
4.1 
8.2 
8.8 
V 
RL= 1 Mn 
125°C 
3.2 
4.2 
8.2 
9 


25°C 
0 
25 
0 
25 


VOL 
Low-level output voltage 
VID=-100mV, 
-55°C 
0 
25 
0 
25 
mV 
10L=0 
125°C 
0 
25 
0 
25 


25°C 
250 
525 
500 
850 


AVO 
Large-signal 
differential 
RL=1Mn, 
-55°C 
250 
950 
500 
1750 
V/mV 
voltage amplification 
See Note 6 
125°C 
35 
200 
75 
380 


25°C 
70 
95 
75 
97 


CMRR 
Common-mode 
rejection ratio 
VIC = VICRmin 
-55°C 
70 
95 
75 
97 
dB 


125°C 
70 
85 
75 
91 


25°C 
75 
98 
75 
98 


kSVR 
Supply-voltage 
rejection ratio 
Vo = 1.4 V 
-55°C 
70 
98 
70 
98 
dB 
(lNOO/6VI0) 
125°C 
70 
98 
70 
98 


VO=VOO/2, 
25°C 
20 
34 
29 
46 


100 
Supply current (two 
VIC=VOO/2, 
-55°C 
35 
60 
56 
96 
IlA 
amplifiers) 
No load 
125°C 
14 
24 
18 
30 
t Full range is -55°C 
to 125°C. 
NOTES: 
4. 
The typical values of input bias current and input offset current below 5 pA were determined 
mathematically. 
5. 
This range also applies to each input individually. 
6. 
At VOO = 5 V, Vo = 0.25 V to 2 V; at VOO = 10 V, Vo = 1 V to 6 V. 
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TLC1079M 


PARAMETER 
TEST CONOITIONS 
TAt 
VOO= 5V 
VOO=10V 
UNIT 


MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


25°C 
190 
850 
200 
1150 
VIO 
Input offset voltage 
VO=1.4V, 
VIC=O, 
Full range 
1600 
1900 
~V 


Temperature coefficient of 
RS = 50 Q, 
RI=1 
MQ 
25°C to 
CIVIO 
input offset voltage 
125°C 
1.4 
1.4 
~V/oC 


Input offset current 
25°C 
0.1 
0.1 
pA 
'10 
(see Note 4) 
Vo =VOO/2, 
125°C 
1.4 
15 
1.8 
15 
nA 


Input bias current 
VIC=VOO/2 
25°C 
0.6 
0.7 
pA 
liB 
(see Note 4) 
125°C 
9 
35 
10 
35 
nA 


25°C 
0 
-0.3 
0 
-0.3 
V 
Common mode input 
t04 
to 4.2 
to 9 
to 9.2 
VICR 
voltage range (see Note 5) 
0 
0 
Full range 
to 3.5 
to 8.5 
V 


25°C 
3.2 
4.1 
8.2 
8.9 


VOH 
High-level output voltage 
VIO = 100 mV, 
-55°C 
3.2 
4.1 
8.2 
8.9 
V 
RL= 
1 MQ 
125°C 
3.2 
4.2 
8.2 
9 


25°C 
0 
25 
0 
25 


VOL 
Low-level output voltage 
Vlo=-100mV, 
-55°C 
0 
25 
0 
25 
mV 
10L=0 
125°C 
0 
25 
0 
25 


25°C 
250 
525 
500 
850 


AVO 
Large-signal 
differential 
RL = 1 MQ, 
See Note 6 
-55°C 
250 
950 
500 
1750 
V/mV 
voltage amplification 
125°C 
35 
200 
75 
380 


25°C 
70 
95 
75 
97 


CMRR 
Common-mode 
rejection 
VIC = VICRmin 
-55°C 
70 
95 
75 
97 
dB 
ratio 
125°C 
70 
85 
75 
91 


25°C 
75 
98 
75 
98 


kSVR 
Supply voltage rejection 
VOO=5Vt010V, 
-55°C 
70 
98 
70 
98 
dB 
ratio (6VOO/6VIO) 
VO=l.4V 
125°C 
70 
98 
70 
98 


25°C 
40 
68 
57 
92 


100 
Supply current 
Vo =VOO/2, 
-55°C 
69 
120 
111 
192 
~A 
(four amplifiers) 
VIC=VOO/2, 
No load 
125°C 
27 
48 
35 
60 
t Full range is -55°C 
to 125°C. 
NOTES: 
4. 
The typical values of input bias current and input offset current below 5 pA were determined mathematically. 
5. 
This range also applies to each input individually. 
6. 
At VOO = 5 V, Vo = 0.25 V to 2 V; at VOO = 10 V, Vo = 1 V to 6 V. 


~TEXAS 
INSTRUMENTS 


TLC1078, TLC1078~TLC1079,TLC1079Y 
LinCMOSTM IlPOWER PRECISION 
OPERATIONAL AMPLIFIERS 


SLOS179- 
FEBRUARY 
1997 


TLC1078M 


PARAMETER 
TEST CONDITIONS 
TA 
VDD =5V 
VDD=10V 
UNIT 


MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


25°C 
32 
47 


SR 
Slew rate at unity gain 
RL = 1 MQ, 
CL = 20 pF, 
-55°C 
41 
63 
V/ms 
VI(PP) = 1 V, 
See Figure 1 


125°C 
20 
27 


Vn 
Equivalent input noise voltage 
f= 
1 kHz, 
RS=20Q 
25°C 
68 
68 
nV/,JH"Z 


25°C 
85 
110 


81 
Unity-gain bandwidth 
CL = 20 pF, 
See Figure 2 
-55°C 
140 
165 
kHz 


125°C 
45 
70 


25°C 
34° 
38° 


cj>m 
Phase margin at unity gain 
CL = 20 pF, 
See Figure 2 
-55°C 
39° 
43° 


125°C 
25° 
29° 


TLC1079M 


PARAMETER 
TEST CONDITIONS 
TA 
VDD= 
5 V 
VDD = 10 V 
UNIT 


MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


25°C 
32 
47 


SR 
Slew rate at unity gain 
RL = 1 MQ, 
CL = 20 pF. 
-55°C 
41 
63 
V/ms 


VI(PP) = 1 V. 
See Figure 1 
125°C 
20 
27 


Vn 
Equivalent input noise voltage 
f= 1 kHz, 
RS=20Q 
25°C 
68 
68 
nV/,JH"Z 


25°C 
85 
110 


-55°C 
140 
165 


81 
Unity-gain bandwidth 
CL = 20 pF, 
See Figure 2 


125°C 
45 
70 
kHz 
25°C 
34° 
38° 


-55°C 
39° 
43° 
cj>m 
Phase margin at unity gain 
CL = 20 pF. 
See Figure 2 
125°C 
25° 
29° 
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ell 


(see Note A) 


Figure 2. Unity-Gain Bandwidth and 
Phase-Margin Test Circuit 
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FIGURE 


aVIO 
Temperature coefficient of input offset voltage 
Distribution 
3-6 


liB 
Input bias current 
vs Free-air temperature 
7 


110 
Input offset current 
vs Free-air temperature 
7 


VIC 
Common-mode 
input voltage 
vs Supply voltage 
8 


vs High-level output current 
9,10 


VOH 
High-level output voltage 
vs Supply voltage 
11 
vs Free-air temperature 
12 


vs Common-mode 
input voltage 
13,14 


VOL 
Low-level output voltage 
vs Differential input voltage 
15 
vs Free-air temperature 
16 
vs Low-level output current 
17,18 


vs Supply voltage 
19 


AVD 
Large-signal differential voltage amplification 
vs Free-air temperature 
20 
vs Frequency 
21,22 


VOM 
Maximum peak output voltage 
vs Frequency 
23 


IDD 
Supply current 
vs Supply voltage 
24 
vs Free-air temperature 
25 


SR 
Slew rate 
vs Supply voltage 
26 
vs Free-air temperature 
27 


Normalized slew rate 
vs Free-air temperature 
28 


Vn 
Equivalent input noise voltage 
vs Frequency 
29 


B1 
Unity-gain bandwidth 
vs Supply voltage 
30 
vs Free-air temperature 
31 


vs Supply voltage 
32 


<Pm 
Phase margin 
vs Free-air temperature 
33 
vs Capacitance 
load 
34 


Phase shift 
vs Frequency 
21,22 
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VOO=10V 
TA = 25°C to 125°C 


P Package 
Outliers: 
(1) 18.7 ~V/oC 


(1) 11.6 ~V/oC 


-- 
L- 
o 
-10 
-8 
-6 
-4 
-2 
0 
2 
4 
6 
8 
10 


(LVIO- Temperature 
Coefficient 
- ~vrc 


DISTRIBUTION OF TLC1079 
INPUT OFFSET VOLTAGE 
TEMPERATURE 
COEFFICIENT 


, 
, 
356 Amplifiers 
Tested From 8 Wafer Lots 
VOO=10V 
TA = 25°C to 125°C 
N Package 
Outliers: 
(1) 18.7 ~vrc 
- 
(1) 11.6 ~vrc 


h..- 
o 
-10 
-8 
-6 
-4 
-2 
0 
2 
4 
6 
8 
10 


(LVIO- Temperature 
Coefficient 
- ~vrc 


~TEXAS 
INSTRUMENTS 


TLC1078, TLC1078~TLC1079,TLC1079Y 
LinCMOSTM J..lPOWERPRECISION 
OPERATIONAL AMPLIFIERS 
SLOS179 
- FEBRUARY 
1997 


INPUT BIAS AND OFFSET CURRENTT 
vs 
FREE·AIR TEMPERATURE 


COMMON-MODE 
INPUT VOLTAGE POSITIVE LIMIT 
vs 
SUPPLY VOLTAGE 
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NOTE A: 
The typical values of input bias current and input offset 
current below 5 pA were determined 
mathematically. 


Figure 7 


HIGH-LEVEL OUTPUT VOLTAGEt; 
vs 
HIGH-LEVEL OUTPUT CURRENT 
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Figure 8 


HIGH-LEVEL 
OUTPUT VOLTAGE 
vs 
HIGH-LEVEL OUTPUT CURRENT 
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Figure 10 


t Data at high and low temperatures 
are applicable only within the rated operating free-air temperature 
ranges of the various devices. 


tThe 
VDD = 3 V curve does not apply to the TLC107xM. 
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LOW-LEVEL OUTPUT VOLTAGE 
vs 
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INPUT VOLTAGE 
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VIC - Common-Mode Input Voltage - V 
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Figure 21 
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Figure 23 
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Figure 25 
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Figure 27 
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VI = 10 mV 
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TA = 25°C 
I-- See Figure 2 
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PHASE MARGIN 
vs 
SUPPLY VOLTAGE 


VI=10mV 
CL=20pF 
TA = 25°C 
See Figure 2 
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Figure 32 


UNITY-GAIN BANDWIDTHt 
vs 
FREE-AIR TEMPERATURE 


VOO=5V 
VI = 10mV 
CL=20pF 
See Figure 2 
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PHASE MARGINt 
vs 
FREE-AIR TEMPERATURE 
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See Figure 2 
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PHASE MARGIN 
vs 
CAPACITIVE LOAD 


VOO=5V 
VI=10mV 
TA= 25°C 
See Figure 2 
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The 
combination 
of 
excellent 
dc 
and 
noise 
performance with a common-mode input voltage 
range that includes the negative rail makes these 
devices 
an ideal choice for high-impedance, 
low-level signal-conditioning applications in either 
single-supply or split-supply configurations. 


The device inputs and outputs are designed to withstand -1 OO-mAsurge currents without sustaining latch-up. 
In addition, internal ESD-protection circuits prevent functional failures at voltages up to 2000 V as tested under 
MIL-PRF-38535, Method 3015.2; however, care should be exercised in handling these devices as exposure 
to ESD may result in degradation of the parametric performance. 


The C-suffix devices are characterized for operation from O°Cto 70°C. The I-suffix devices are characterized 
for operation from -40°C 
to 85°C. The M-suffix devices are characterized for operation over the full military 


temperature range of -55°C to 125°C. 


• 
B Grade 
Is 100% Tested for Noise 
30 nV/1HZ Max at f = 10 Hz 
12 nV/1HZ 
Max at f = 1 kHz 


• 
Low Input Offset 
Voltage 
... 
500 IlV Max 


• 
Excellent 
Offset 
Voltage 
Stability 
With Temperature 
... 
0.5IlVJOC Typ 


• 
Rail-to-Rail 
Output 
Swing 


description 


The 
TLC220x, 
TLC220xA, 
TLC220xB, 
and 
TLC220xY are precision, low-noise operational 
amplifiers 
using Texas Instruments Advanced 
LinCMOSTMprocess. These devices combine the 
noise performance 
of the lowest-noise 
JFET 
amplifiers 
with 
the 
dc 
precision 
available 
previously 
only 
in 
bipolar 
amplifiers. 
The 
Advanced LinCMOSTMprocess uses silicon-gate 
technology to obtain input offset voltage stability 
with temperature and time that far exceeds that 
obtainable 
using 
metal-gate 
technology. 
In 
addition, this technology makes possible input 
impedance levels that meet or exceed levels 
offered 
by 
top-gate 
JFET 
and 
expensive 
dielectric-isolated devices. 


• 
Low Input Bias Current 
1 pA Typ at TA = 25°C 


• 
Common-Mode 
Input Voltage 
Range 
Includes 
the Negative 
Rail 


• 
Fully Specified 
For Both Single-Supply 
and 
Split-Supply 
Operation 


TYPICAL EQUIVALENT 
INPUT NOISE VOLTAGE 
vs 
FREQUENCY 
- 
III 
I 
I III 


VOO=5 
V 


\ 
RS=20Q 


\ 


~ 
TA = 25°C 


\ 


i'. •.•.r-. 


PRODUCTION 
DATA 
InformatJon 
Is 
current 
88 
of 
publication 
date. 


Products 
conform 
to specifIcations 
per the terms 
01 Texas 
Instruments 
standard 
warranty, 
Production 
processing 
does 
not necessarily 
Include 
testing 
of all parameters. 
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On products 
compliant 
to MIL·PRF·38535, 
all parameters 
are tested 
unless 
otherwise 
noted. 
On 
all 
other 
prodUcts, 
production 
processing does not necessarily Include testing of all parameter •. 
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PACKAGED 
DEVICES 


Vlomax 
Vnmax 
Vnmax 
CHIP 


TA 
f = 10 Hz 
f = 1 kHz 
SMALL 
CHIP 
CERAMIC 
PLASTIC 
FORM:I: 
AT 25°C 
AT 25°C 
AT 25°C 
OUTLINEt 
CARRIER 
DIP 
DIP 
(V) 
(D) 
(FK) 
(JG) 
(P) 


DoC 
200 ~V 
35 nV/...[Hz 
15 nV/...[Hz 
TLC2201ACD 
TLC2201ACP 
to 
200 ~V 
30 nV/...[Hz 
12 nV/...[Hz 
TLC2201BCD 
- 
- 
TLC2201BCP 
TLC2201Y 


70°C 
500 ~V 
- 
- 
TLC2201CD 
TLC2201CP 


-40°C 
200~V 
35 nV/...[Hz 
15 nV/...[Hz 
TLC2201AID 
TLC2201AIP 
to 
200~V 
30 nV/...[Hz 
12 nV/...[Hz 
TLC2201BID 
- 
- 
TLC2201BIP 
- 
85°C 
500 ~V 
- 
- 
TLC22011D 
TLC22011P 


-55°C 
200~V 
35 nV/...[Hz 
15 nV/...[Hz 
TLC2201AMD 
TLC2201AMFK 
TLC2201AMJG 
TLC2201AMP 
to 
200 ~V 
30 nV/...[Hz 
12 nV/...[Hz 
TLC2201BMD 
TLC2201BMFK 
TLC2201 BMJG 
TLC2201BMP 
- 
125°C 
500 ~V 
- 
- 
TLC2201MD 
TLC2201MFK 
TLC2201MJG 
TLC2201MP 


t The 0 packages are available taped and reeled. Add R suffix to device type (e.g. TLC220xBCDR). 
:I:Chip forms are tested at 25°C only. 


PACKAGED 
DEVICES 


Vlomax 
Vnmax 
Vnmax 
SMALL 
CHIP 
CERAMIC 
PLASTIC 
CHIP 


TA 
AT 25°C 
f = 10 Hz 
f = 1 kHz 
OUTLINEt 
CARRIER 
DIP 
DIP 
FORM:I: 
AT 25°C 
AT 25°C 
(V) 
(D) 
(FK) 
(JG) 
(P) 


500 ~V 
30 nV/...[Hz 
12 nV/...[Hz 
TLC2202BCD 
- 
- 
TLC2202BCP 
DoCto 70°C 
500~V 
35 nV/...[Hz 
15 nV/...[Hz 
TLC2202ACD 
- 
- 
TLC2202ACP 
TLC2202Y 
1 mV 
- 
- 
TLC2202CD 
- 
- 
TLC2202CP 


500 ~V 
30 nV/...[Hz 
12 nV/...[Hz 
TLC2202BID 
- 
- 
TLC2202BIP 
-40°C 
to 85°C 
500 J.tV 
35 nV/...[Hz 
15 nV/...[Hz 
TLC2202AID 
- 
- 
TLC2202AIP 
- 
1 mV 
- 
- 
TLC22021D 
- 
- 
TLC22021P 


500 ~V 
30 nV/...[Hz 
12 nV/...[Hz 
TLC2202BMD 
TLC2202BMFK 
TLC2202BMJG 
TLC2202BMP 
-55°C 
to 125°C 
500 ~V 
35 nV/...[Hz 
15 nV/...[Hz 
TLC2202AMD 
TLC2202AMFK 
TLC2202AMJG 
TLC2202AMP 
- 
1 mV 
- 
- 
TLC2202MD 
TLC2202MFK 
TLC2202MJG 
TLC2202MP 


t The 0 packages are available taped and reeled. Add R suffix to device type (e.g. TLC220xBCDR). 


:j: Chip forms are tested at 25°C only. 
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TLC2202 
JG OR P PACKAGE 
(TOP VIEW) 


10UTU 


8 
VDD+ 
11N- 
2 
7 
20UT 
11N+ 
3 
6 
21N- 
VDD_/GND 
4 
5 
21N+ 


TLC2202 
o PACKAGE 
(TOP VIEW) 


NC 
1 U 14 
NC 


NC 
2 
13 
NC 


10UT 
3 
12 
VDD+ 
11N- 
4 
11 
20UT 
11N+ 
5 
10 
21N- 
VDD_/GND 
6 
9 
21N+ 
NC 
7 
8 
NC 
TLC2202 
FKPACKAGE 
(TOP VIEW) 
f- 
+ 
05080 
z~z>z 


NC 
3 
2 
1 2019 
VDD+ 
NC 
4 
18 
NC 


NC 
11N- 
5 
17 
20UT 


OUT 
NC 
6 
16 
NC 


NC 
11N+ 
7 
15 
21N- 


NC 
8 
14 
NC 
9 10 11 12 13 


~~~~~ 
CJ 
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IN-l 


ACTUAL DEVICE COMPONENT 
COUNT 


COMPONENT 
TLC2201 
TLC2202 


Transistors 
17 
34 


Resistors 
2 
2 


Diodes 
1 
4 


Capacitors 
1 
2 
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TLC2201Y 
chip information 


This chip, when properly assembled, displays characteristics similar to the TLC2201C. Thermal compression 
or ultrasonic bonding may be used on the doped-aluminum bonding path. Chips may be mounted with 
conductive epoxy or a gold-silicon preform. 


~ 
~ 
~ 


1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'11 


IN- 
(2) 


IN+ 
(3) 


TERMINAL 
NUMBERS ARE FOR THE 
D, JG, AND P PACKAGES. 
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TLC2202Y chip formation 


This chip, when properly assembled, displays characteristics similar to the TLC2202C. Thermal compression 
or ultrasonic bonding may be used on the doped-aluminum bonding pads. Chips may be mounted with 
conductive epoxy or a gold-silicon preform. 


14 
100 
~ 


1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1 


21N+ 


(6) 21N- 


CHIP THICKNESS: 
15 MILS TYPICAL 


BONDING 
PADS: 4 x 4 MILS MINIMUM 


TJmax = 150°C 


TOLERANCES 
ARE ±10%. 


ALL DIMENSIONS 
ARE IN MILS. 


PIN (4) IS INTERNALLY 
CONNECTED 
TO BACKSIDE 
OF CHIP. 
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 


Supply voltage, Voo+ (see Note 1) 
8 V 
Supply voltage, Voo- 
-8 V 
Differential input voltage, VID (see Note 2) 
± 16 V 
Input voltage, VI (any input) 
±8 V 
Input current, II (each input) 
±5 mA 
Output current, 10 (each output) 
±50 mA 
Duration of short-circuit current at (or below) 25°C (see Note 3) 
unlimited 
Continuous total dissipation 
See Dissipation Rating Table 
Operating free-air temperature range, TA: C suffix 
O°Cto 70°C 
I suffix 
-40°C to 85°C 
M suffix 
-55°C to 125°C 
Storage temperature range 
-65°C to 150°C 
Case temperature for 60 seconds: FK package 
260°C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: D or P package 
260°C 
Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds: JG package 
300°C 
t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional 
operation of the device at these or any other conditions 
beyond those indicated under "recommended 
operating conditions" 
is not 
implied. Exposure to absolute-maxi mum-rated conditions for exlended periods may affect device reliability. 


NOTES: 
1. 
All voltage values except differential voltages are with respect to the midpoint between VDD+ and VDD-· 
2. 
Differential voltages are atlN+ 
with respect to IN-. 


3. 
The output may be shorted to either supply. Temperature and/or 
supply voltages must be limited to ensure that the maximum 
dissipation rating in not exceeded. 


PACKAGE 
TAS25°C 
DERATING FACTOR 
TA = 70°C 
TA=85°C 
TA = 125°C 
POWER RATING 
ABOVE TA = 25°C 
POWER RATING 
POWER RATING 
POWER RATING 


D-8 
725mW 
5.B mW/oC 
464mW 
377mW 
145mW 


D-14 
950mW 
7.6 mW/oC 
60BmW 
494mW 
190mW 


FK 
1375mW 
11.0mW/oC 
BBOmW 
715mW 
275mW 


JG 
1050mW 
B.4 mW/oC 
672mW 
546mW 
210mW 
p 
1000mW 
B.OmW/oC 
640mW 
520mW 
200mW 


CSUFFIX 
I SUFFIX 
M SUFFIX 
UNIT 
MIN 
MAX 
MIN 
MAX 
MIN 
MAX 


Supply voltage, VDD± 
±2.3 
±B 
±2.3 
±B 
±2.3 
±B 
V 


Common-mode 
input voltage, VIC 
VDD- 
VDD+-2.3 
VDD- 
VDD+-2.3 
VDD- 
VDD+-2.3 
V 


Operating free-air temperature, 
TA 
0 
70 
-40 
B5 
-55 
125 
°C 
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TLC2201C electrical characteristics at specified free-air temperature, Voo± = ±5 V (unless 
otherwise noted) 


TAt 
TLC2201C 
PARAMETER 
TEST CONDITIONS 
MIN 
TYP 
MAX 
UNIT 


25°C 
100 
500 


VIO 
Input offset voltage 


Full range 
600 
I!V 


aVIO 
Temperature coefficient 01input offset voltage 
Full range 
0.5 
I!V/oC 


Input offset voltage long-term drift (see Note 4) 
VIC=O, 
RS=50n 
25°C 
0.001 
0.005 
I!V/mo 


25°C 
0.5 
110 
Input offset current 


Full range 
100 
pA 


25°C 
1 


liB 
Input bias current 


Full range 
100 
pA 


-5 


VICR 
Common-mode 
input voltage range 
RS=50n 
Full range 
to 
V 
2.7 


25°C 
4.7 
4.8 
VOM+ 
Maximum positive peak output voltage swing 
V 
Full range 
4.7 
RL=10kn 
25°C 
-4.7 
-4.9 
VOM- 
Maximum negative peak output voltage swing 
V 


Full range 
-4.7 


25°C 
400 
560 
VO=±4V, 
RL = 500 kn 


Full range 
300 
AVO 
Large-signal differential voltage amplification 
V/mV 
25°C 
90 
100 


VO=±4V, 
RL= 
10 kn 


Full range 
70 


CMRR 
Common-mode 
rejection ratio 
VIC = VICRmin, 
VO=O, 
Full range 
85 
dB 
RS=50n 


25°C 
90 
110 
kSVR 
Supply voltage rejection ratio (eNDO± leNIO) 
VDO± = ±2.3 V to ±8 V 
dB 


Full range 
85 


25°C 
1.1 
1.5 


100 
Supply current 
VO=O, 
No load 
mA 


Full range 
1.5 


t Full range is O°C to 70°C. 
NOTE 4: Typical values are based on the input offset voitage shift observed through 168 hours 01operating lile test at TA = 150°C extrapolated 


to TA = 25°C using the Arrhenius equation and assuming an activation energy 010.96 eV. 


TAt 
TLC2201C 
PARAMETER 
TEST CONDITIONS 
MIN 
TYP 
MAX 
UNIT 


VO=±2.3 
V, 
RL = 10 kf!, 
25°C 
2 
2.7 
SR 
Slew rate at unity gain 
CL = 100 pF 
V/IJ.S 


Full range 
1.5 


1= 10 Hz 
25°C 
18 
Vn 
Equivalent input noise voltage 
1= 1 kHz 
25°C 
nV/-{Hz 
8 


1= 0.1 to 1 Hz 
25°C 
0.5 
VN(PP) 
Peak-to-peak 
equivalent input noise voltage 
1= 0.1 to 10Hz 
25°C 
0.7 
I!V 


In 
Equivaient input noise current 
25°C 
0.6 
fAI-{Hz 


Gain-bandwid1h product 
1= 10 kHz, 
RL= 
10 kn, 


25°C 
1.9 
MHz 
CL=100pF 


<l>m 
Phase margin at unity gain 
RL = 10 kn, 
CL = 100 pF 
25°C 
48° 
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TLC2201C 
electrical 
characteristics 
at specified 
free-air 
temperature, 
Voo± 
= ±5 
V (unless 
otherwise 
noted) 


TAt 
TLC2201AC 
TLC2201BC 
PARAMETER 
TEST CONDITIONS 
UNIT 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


25°C 
80 
200 
80 
200 


VIO 
Input offset voltage 
Full range 
300 
300 
~V 


aVIO 


Temperature coefficient of input 
Full range 
0.5 
0.5 
~V/oC 
offset voltage 


Input offset voltage long-term 
VIC;O, 
RS;50Q 
25°C 
0.001 
0.005 
0.001 
0.005 
~V/mo 
drift (see Note 4) 


25°C 
0.5 
0.5 
110 
Input offset current 
Full range 
100 
100 
pA 


25°C 
1 
1 
liB 
Input bias current 


Full range 
100 
100 
pA' 


> 


VICR 


Common-mode 
input voltage 
RS ;50Q 
Full range 
-5to 
-5to 
V 
range 
2.7 
2.7 


Maximum positive peak output 
25°C 
4.7 
4.8 
4.7 
4.8 
VOM+ 
voltage swing 
V 


Full range 
4.7 
4.7 
RL; 
10 kQ 


25°C 
-4.7 
-4.9 
-4.7 
-4.9 
VOM- 
Maximum negative peak output 
V 
voltage swing 
Full range 
-4.7 
-4.7 


25°C 
400 
560 
400 
560 
VO;±4V, 
RL; 
500 kQ 


Full range 
300 
300 
AvO 


Large-signal 
differential voltage 
V/mV 
amplification 
25°C 
90 
100 
90 
100 
VO;±4V, 
RL;10kQ 
Full range 
70 
70 


VIC ; VICRmin, 
25°C 
90 
115 
90 
115 


CMRR 
Common-mode 
rejection ratio 
dB 


VO;O, 
RS;50Q 
Full range 
85 
85 


Supply voltage rejection ratio 
25°C 
90 
110 
90 
110 


kSVR 
VOO±; 
±2.3 V to ±8 V 
dB 
(t"vOO± ltiVIO) 
Full range 
85 
85 


25°C 
1.1 
1.5 
1.1 
1.5 


100 
Supply current 
VO;O, 
No load 
mA 
Full range 
1.5 
1.5 


t Full range is O°C to 70°C. 
NOTE 4: 
Typical values are based on the input offset voltage shift observed through 168 hours of operating life test at TA; 
150°C extrapolated 


to TA ; 25°C using the Arrhenius equation and assuming an activation energy of 0.96 eV. 
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TAt 
TLC2201AC 
TLC2210BC 
PARAMETER 
TEST CONDITIONS 
UNIT 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


VO=±2.3V, 
RL = 10 kn, 
25°C 
2 
2.7 
2 
2.7 
SR 
Slew rate at unity gain 
VI/ls 
CL=100pF 
Full range 
1.5 
1.5 


Equivalent input noise volt- 
1= 10 Hz 
25°C 
18 
35 
18 
30 
Vn 
nVI'i'RZ 
age (see Note 5) 
1= 1 kHz 
25°C 
8 
15 
8 
12 


Peak-to-peak 
equivalent input 
1= 0.1 to 1 Hz 
25°C 
0.5 
0.5 
VN(PP) 
noise voltage 
1= 0.1 to 10 Hz 
25°C 
0.7 
0.7 
/lV 


In 
Equivalent input noise current 
25°C 
0.6 
0.6 
IAI'i'RZ 


Gain-bandwidth 
product 
1= 10 kHz, 
RL= 
10kfl, 
25°C 
1.9 
1.9 
MHz 
CL=loopF 


$m 
Phase margin at unity gain 
RL = 10 kn, 
CL = 100 pF 
25°C 
48° 
48° 


t Full range is O°C to 70°C. 
NOTE 5: 
This parameter is tested on a sample basis lor the TLC2201 A and on all devices lor the TLC2201 B. For other test requirements, 
please 
contact the lactory. This statement has no bearing on testing or nontesting 01other parameters. 


'!/} TEXAS 
INSTRUMENTS 


TLC220x,TLC220xA,TLC220xB,TLC220xY 
Advanced LinCMOSTM LOW·NOISE PRECISION 
OPERATIONAL AMPLIFIERS 


SLOS175- 
FEBRUARY 
1997 


TLC2201 C electrical 
characteristics 
at specified 
free-air 
temperature, 
VOO = 5 V (unless 
otherwise 


noted) 


TAt 


TLC2201C 


PARAMETER 
TEST CONDITIONS 
MIN 
TYP 
MAX 
UNIT 


25°C 
100 
500 
VIO 
Input offset voltage 


Full range 
600 
~V 


ClVIO 
Temperature coefficient 01input offset voltage 
Full range 
0.5 
~V/oC 


Input offset voltage long-term drift (see Note 4) 
25°C 
0.001 
0.005 
~V/mo 
VIC=O, 
RS= 50Q 
25°C 
0.5 
110 
Input offset current 
Full range 
100 
pA 


25°C 
1 
liB 
Input bias current 
Full range 
100 


pA 


0 
VICR 
Common-mode 
input voltage range 
RS = 50 Q 
Full range 
to 
V 
2.7 


25°C 
4.7 
4.8 


VOH 
Maximum high-level output voltage 
RL = 10 kQ 
V 
Full range 
4.7 


25°C 
0 
50 


VOL 
Maximum low-level output voltage 
10=0 
mV 
Full range 
50 


VO=1Vt04V, 
25°C 
150 
315 


RL = 500 kQ 
Full range 
100 
AVO 
Large-signal differential voltage amplilication 
VlmV 
VO=1Vt04V, 
25°C 
25 
55 


RL=10kQ 
Full range 
15 


VIC = VICRmin, 
VO=O, 
25°C 
90 
110 
CMRR 
Common-mode 
rejection ratio 
dB 
RS = 50Q 
Full range 
85 


25°C 
90 
110 
kSVR 
Supply voltage rejection ratio (6VOO±/6VI0) 
VOO= 4.6 V to 16 V 
dB 


Full range 
85 


25°C 
1 
1.5 
100 
Supply current 
Vo =2.5 V, 
No load 
mA 
Full range 
1.5 


t Full range is DoCto 70°C. 
NOTE 4: 
Typical values are based on the input offset voltage shift observed through 168 hours 01operating Iile test at TA = 150°C extrapolated 
to TA = 25°C using the Arrhenius equation and assuming an activation energy 010.96 eV. 


TAt 
TLC2201C 


PARAMETER 
TEST CONDITIONS 
UNIT 
MIN 
TYP 
MAX 


Vo = 0.5 V to 2.5 V, 
25°C 
1.8 
2.5 
SR 
Slew rate at unity gain 
V/~s 
RL = 10 kQ, 
CL = 100 pF 
Full range 
1.3 


1= 10 Hz 
25°C 
18 
Vn 
Equivalent input noise voltage 
f = 1 kHz 
25°C 


nV/-vHz 
8 


1= 0.1 to 1 Hz 
25°C 
0.5 
VN(PP) 
Peak-to-peak 
equivalent input noise voltage 
1= 0.1 to 10Hz 
25°C 
0.7 
~V 


'n 
Equivalent input noise current 
25°C 
0.6 
IA/-vHz 


Gain-bandwidth 
product 
1= 10 kHz, 
RL=10kQ, 


25°C 
1.8 
MHz 
CL = 100 pF 


$m 
Phase margin at unity gain 
RL=10kQ, 
CL = 100 pF 
25°C 
45° 
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TLC2201 C electrical 
characteristics 
at specified 
free-air temperature, 
Voo = 5 V (unless otherwise 
noted) 


TAt 
TLC2201AC 
TLC2201BC 
PARAMETER 
TEST CONDITIONS 
UNIT 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


25°C 
80 
200 
80 
200 
VIO 
Input offset voltage 
Full range 
300 
300 
!LV 


aVIO 
Temperature coefficient of 
Full range 
0.5 
0.5 
!LV/oC 
input offset voltage 


Input offset voltage long-term 
VIC=O, 
RS =50n 
25°C 
0.001 
0.005 
0.001 
0.005 
!LV/mo 
drift (see Note 4) 


25°C 
0.5 
0.5 
110 
Input offset current 
Full range 
100 
100 
pA 


25°C 
1 
1 
liB 
Input bias current 
Full range 
100 
100 
pA 


VICR 
Common-mode 
input voltage 
RS=50n 
Full range 
Oto 
o to 
V 
range 
2.7 
2.7 


Maximum high-level output 
25°C 
4.7 
4.8 
4.7 
4.8 
VOH 
RL= 
10 kQ 
V 
voltage 
Full range 
4.7 
4.7 


Maximum low-level output 
25°C 
0 
50 
0 
50 
VOL 
10=0 
mV 
voltage 
Full range 
50 
50 


VO=lVt04V, 
25°C 
150 
315 
150 
315 


Large-signal 
differential 
RL = 500 kQ 
Full range 
100 
100 
AVO 
V/mV 
voltage amplification 
VO=1Vt04V, 
25°C 
25 
55 
25 
55 


RL= 
10 kQ 
Full range 
15 
15 


VIC = VICRmin, 
25°C 
90 
110 
90 
110 
CMRR 
Common-mode 
rejection ratio 
dB 
VO=O, 
RS= 50n 
Full range 
85 
85 


Supply voltage rejection ratio 
25°C 
90 
110 
90 
110 
kSVR 
VOO = 4.6 V to 16 V 
dB 
(II.VOO±/II.V,O) 
Full range 
85 
85 


25°C 
1 
1.5 
1 
1.5 
100 
Supply current 
VO=2.5V, 
No load 
mA 
Full range 
1.5 
1.5 
t Full range is O°C to 70°C. 
NOTE 4: 
Typical values are based on the input offset voltage shift observed through 168 hours of operating life test at TA = 150°C extrapolated 
to TA = 25°C using the Arrhenius equation and assuming an activation energy of 0.96 eV. 
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TAt 
TLC2201AC 
TLC2210BC 
PARAMETER 
TEST CONDITIONS 
UNIT 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


Vo = 0.5 V to 2.5 V, 
25°C 
1.8 
2.5 
1.8 
2.5 
SR 
Slew rate at unity gain 
VIliS 
RL = 10 kn, 
CL = 100 pF 
Full range 
1.3 
1.3 


Equivalent input noise voltage 
1= 10 Hz 
25°C 
18 
35 
18 
30 
nV/VHZ 
Vn 
(see Note 5) 
1= 1 kHz 
25°C 
8 
15 
8 
12 


Peak-to-peak 
equivalent input 
1= 0.1101 
Hz 
25°C 
0.5 
0.5 
VN(PP) 
noise voltage 
1=0.1 to 10 Hz 
25°C 
0.7 
0.7 
IiV 


In 
Equivalent input noise current 
25°C 
0.6 
0.6 
IAlVHZ 


Gain-bandwidth 
product 
1= 10 kHz, 
RL= 10 kn, 
25°C 
1.8 
1.8 
MHz 
CL = 100 pF 


<l>m 
Phase margin at unity gain 
RL = 10 kn, 
CL = 100 pF 
25°C 
45° 
45° 


t Full range is O°C to 70°C. 
NOTE 5: 
This parameter is tested on a sample basis lor the TLC2201 A and on all devices lor the TLC2201 B. For other lest requirements, 
please 
contact the lactory. This statement has no bearing on testing or nontesling 01other parameters. 
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TLC2202C electrical characteristics at specified free-air temperature, Voo± 
= ±5 V (unless 
otherwise specified) 


TAt 
TLC2202C 
PARAMETER 
TEST CONDITIONS 
TYP 
MAX 
UNIT 
MIN 


25°C 
100 
1000 
VIO 
Input offset voltage 
Full range 
1150 
~V 


Temperature coefficient 01input offset voltage 
VIC=O, 
RS=50n 
Full range 
0.5 
~V/oC 
aVIO 


Input offset voltage long-term drift (see Note 4) 
25°C 
0.001 
0.005 
~V/mo 


25°C 
0.5 
110 
Input offset current 
Full range 
100 
VIC=O, 
RS = 50n 
25°C 
1 
pA 


liB 
Input bias current 
Full range 
100 


-5 


VICR 
Common-mode 
input voltage range 
RS=50n 
Full range 
to 
V 
2.7 


25°C 
4.7 
4.8 
VOM+ 
Maximum positive peak output voltage swing 
Full range 
4.7 
V 
RL= 
10 kn 
25°C 
-4.7 
-4.9 
VOM- 
Maximum negative peak output voltage swing 
Full range 
-4.7 
V 


25°C 
300 
560 
VO=±4V, 
RL = 500 kQ 


Full range 
200 
AVO 
Large-signal 
differential voltage amplilication 
V/mV 
25°C 
50 
100 
VO=±4V, 
RL = 10 kn 
Full range 
25 


VO=O, 
VIC = VICRmin, 
25°C 
80 
115 
CMRR 
Common-mode 
rejection ratio 
dB 
RS=50n 
Full range 
80 


25°C 
80 
110 
kSVR 
Supply-voltage 
rejection ratio (tNOO±/fiVIO) 
VOO± = ±2.3 V to ±8 V 
dB 
Full range 
80 


25°C 
1.8 
2.7 
100 
Supply current 
VO=O, 
No load 
mA 
Full range 
2.7 
t Full range is O°C to 70°C. 
NOTE 4: Typical values are based on the input offset voltage shift observed through 168 hours 01operating lile test at TA = 150°C extrapolated 
to TA = 25°C using the Arrhenius equation and assuming an activation energy 010.96 eV. 


TAt 
TLC2202C 
PARAMETER 
TEST CONDITIONS 
UNIT 
MIN 
TYP 
MAX 


VO=±2.3 
V, 
RL=10kQ, 
25°C 
1.8 
2.7 
SR 
Slew rate at unity gain 
V/~s 
CL = 100 pF 
Full range 
1.3 


1= 10 Hz 
25°C 
18 
Vn 
Equivalent input noise voltage 
1= 1 kHz 
25°C 
8 
nV/VHZ 


1= 0.1 to 1 Hz 
25°C 
0.5 
VN(PP) 
Peak-to-peak 
equivalent input noise voltage 
1= 0.1 to 10Hz 
25°C 
0.7 
~V 


In 
Equivalent input noise current 
25°C 
0.6 
fNVHZ 


Gain-bandwidth 
product 
1=10kHz, 
RL = 10 kQ, 
25°C 
1.9 
MHz 
CL = 100 pF 


<Pm 
Phase margin at unity gain 
RL = 10 kn, 
CL = 100 pF 
25°C 
48° 
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TLC2202C 
electrical 
characteristics 
at specified 
free-air 
temperature, 
Voo± 
= ±5 
V (unless 


otherwise 
noted) 


TAt 
TLC2202AC 
TLC2202BC 


PARAMETER 
TEST CONDITIONS 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
UNIT 


25°C 
80 
500 
80 
500 


VIO 
Input offset voltage 


Full range 
650 
650 
IiV 


aVIO 
Temperature coefficient 
VIC=O, 
RS =50Q 
Full range 
0.5 
0.5 
IiVloC 


of input offset voltage 


Input offset voltage long-term 
25°C 
0.001 
0.005 
0.001 
0.005 
IiVlmo 
drift (see Note 4) 


25°C 
0.5 
0.5 
pA 
110 
Input offset current 
Full range 
100 
100 
VIC=O, 
RS=50Q 
25°C 
1 
1 
liB 
Input bias current 


Full range 
100 
100 


pA 


Common-mode 
input voltage 
-5 
-5 


VICR 
RS = 50 Q 
Full range 
to 
to 
V 
range 
2.7 
2.7 


Maximum positive peak 
25°C 
4.7 
4.8 
4.7 
4.8 


VOM+ 
output voltage swing 
V 


Full range 
4.7 
4.7 


Maximum negative peak 
RL= 
10 kQ 
25°C 
-4.7 
-4.9 
-4.7 
-4.9 
VOM- 
V 
output voltage swing 
Full range 
-4.7 
-4.7 


25°C 
300 
560 
300 
560 


VO=±4V, 
RL = 500 kQ 
Full range 
200 
200 
AVD 
Large-signal 
differential 
VlmV 
voltage amplification 
25°C 
50 
100 
50 
100 
VO=±4V, 
RL= 
10 kQ 
Full range 
25 
25 


VIC = VICRmin, 
25°C 
80 
115 
80 
115 
CMRR 
Common-mode 
rejection ratio 
dB 
VO=O, 
RS =50Q 
Full range 
80 
80 


Supply-voltage 
rejection ratio 
25°C 
80 
110 
80 
110 
dB 
kSVR 
(tNDD±/AVIO) 
VDD± = ±2.3 V to ±8 V 


Full range 
80 
80 


25°C 
1.8 
2.7 
1.8 
2.7 
mA 
IDD 
Supply current 
VO=O, 
No load 
Full range 
2.7 
2.7 


t Full range is O°C to 70°C. 
NOTE 4: 
Typical values are based on the input offset voltage shift observed through 168 hours of operating life test at TA = 150°C extrapolated 
to TA = 25°C using the Arrhenius equation and assuming an activation energy of 0.96 eV. 


TAt 
TLC2202AC 
TLC2202BC 


PARAMETER 
TEST CONDITIONS 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
UNIT 


VO=±2.3 
V, 
25°C 
1.8 
2.7 
1.8 
2.7 
SR 
Slew rate at unity gain 
RL = 10 kQ, 
CL = 100 pF 
ViliS 


Full range 
1.3 
1.3 


Equivalent input noise voltage 
f= 10 Hz 
25°C 
18 
35 
18 
30 
nVIYHZ 
Vn 
(see Note 5) 
f = 1 kHz 
25°C 
8 
15 
8 
12 


VN(PP) 
Peak-to-peak 
equivalent input 
f = 0.1 to 1 Hz 
25°C 
0.5 
0.5 
IiV 
noise voltage 
f = 0.1 to 10Hz 
25°C 
0.7 
0.7 


In 
Equivalent input noise current 
25°C 
0.6 
0.6 
fA/YHZ 


Gain-bandwidth 
product 
f= 10kHz, 
RL= 
10 kQ, 
25°C 
1.9 
1.9 
MHz 
CL = 100 pF 


$m 
Phase margin at unity gain 
RL = 10 kQ, 
CL = 100 pF 
25°C 
48° 
48° 


t Full range is O°C to 70°C. 
NOTE 5: 
This parameter is tested on a sample basis for the TLC2202A and on all devices for the TLC2202B. For other test requirements, 
please 
contact the factory. This statement has no bearing on testing or nontesting of other parameters. 
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TLC2202C 
electrical 
characteristics 
at specified free-air temperature, 
Voo = 5 V (unless otherwise 
noted) 


TAt 
TLC2202C 
PARAMETER 
TEST CONDITIONS 
MIN 
TYP 
MAX 
UNIT 


25°C 
100 
1000 
VIO 
Input offset voltage 
Full range 
1150 
llV 


Temperature coefficient of input offset voltage 
VIC=O, 
RS=50Q 
Full range 
0.5 
llV/"C 
aVIO 


Input offset voltage long-term drift (see Note 4) 
25°C 
0.001 
0.005 
llV/mo 


110 
Input offset current 
Full range 
100 


VIC=O, 
RS= 50 Q 
25°C 
1 
pA 
liB 
Input bias current 
Full range 
100 


0 


VICR 
Common-mode 
input voltage range 
RS =50Q 
Full range 
to 
V 
2.7 


25°C 
4.7 
4.8 
VOH 
Maximum high-level output voltage 
RL = 10 kQ 
V 
Full range 
4.7 


25°C 
0 
50 
VOL 
Maximum low-level output voltage 
10=0 
mV 
Full range 
50 


VO=1 
Vt04V, 
25°C 
150 
315 


RL = 500 kQ 
Full range 
100 
AVO 
Large-signal 
differential voltage amplification 
V/mV 
VO=1 
Vt04V, 
25°C 
25 
55 


RL=10kQ 
Full range 
15 


VO=O, 
VIC = VICRmin, 
25°C 
75 
110 
CMRR 
Common-mode 
rejection ratio 
dB 
RS=50Q 
Full range 
75 


Supply-voltage 
rejection ratio (dVDO±/dVIO) 
25°C 
80 
110 
kSVR 
VOO= 4.6 V to 16 V 
dB 
Full range 
80 


25°C 
1.7 
2.6 
100 
Supply current 
VO=O, 
No load 
mA 
Full range 
2.6 
t Full range is O°C to 70°C. 
NOTE 4: 
Typical values are based on the input offset voltage shift observed through 168 hours of operating life test at TA = 150°C extrapolated 
to TA = 25°C using Arrhenius equation and assuming an activation energy of 0.96 eV. 


TAt 
TLC2202C 
PARAMETER 
TEST CONDITIONS 
UNIT 
MIN 
TYP 
MAX 


SR 
Vo = 0.5 V to 2.5 V, 
25°C 
1.6 
2.5 
Slew rate at unity gain 
RL=10kQ, 
CL = 100 pF 
Full range 
1.1 
V/llS 


f= 
10 Hz 
25°C 
18 
Vn 
Equivalent input noise voltage 
f = 1 kHz 
25°C 
nV/-vHZ 
8 


VN(PP) 


f= 0.1 to 1 Hz 
25°C 
0.5 
Peak-to-peak 
equivalent 
input noise voltage 
f = 0.1 to 10Hz 
25°C 
0.7 
llV 


In 
Equivalent input noise current 
25°C 
0.6 
fA/-vHZ 


Gain-bandwidth 
product 
f = 10 kHz, 
RL=10kQ, 
25°C 
1.9 
MHz 
CL = 100 pF 


~m 
Phase margin at unity gain 
RL = 10 kQ, 
CL=100pF 
25°C 
47° 
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TLC2202C 
electrical 
characteristics 
at specified free-air temperature, 
Voo = 5 V (unless otherwise 
noted) 


TAt 
TLC2202AC 
TLC2202BC 
PARAMETER 
TEST CONDITIONS 
MAX 
UNIT 
MIN 
TYP 
MAX 
MIN 
TYP 


25°C 
80 
500 
80 
500 
VIO 
Input offset voltage 
Full range 
650 
650 
IlV 


ClVIO 
Temperature coefficient 
VIC=O, 
RS=50Q 
Full range 
0.5 
0.5 
IlV10C 
01input offset voltage 


Input offset voltage 
25°C 
0.001 
0.005 
0.001 
0.005 
IlV1mo 
long-term drift (see Note 4) 


25°C 
0.5 
0.5 
pA 
110 
Input offset current 
Full range 
100 
100 
VIC=O, 
RS=50Q 


25°C 
1 
1 
liB 
Input bias current 
Full range 
100 
100 
pA 


0 
0 


VICR 
Common-mode 
input 
RS = 50 Q 
Full range 
to 
to 
V 
voltage range 
2.7 
2.7 


Maximum high-level 
25°C 
4.7 
4.8 
4.7 
4.8 
V 
VOH 
output voltage 
RL = 10 kQ 
Full range 
4.7 
4.7 


Maximum low-level 
25°C 
0 
50 
0 
50 
mV 
VOL 
output voltage 
10=0 
Full range 
50 
50 


VO=1 
Vt04V, 
25°C 
150 
315 
150 
315 


Large-signal differential 
RL = 500 kQ 
Full range 
100 
100 
VlmV 
AVO 
voltage amplilication 
VO=1Vt04V, 
25°C 
25 
55 
25 
55 


RL=10kQ 
Full range 
15 
15 


VIC = VICRmin, 
25°C 
75 
110 
75 
110 
dB 
CMRR 
Common-mode 
rejection ratio 
VO=O, 
RS=50Q 
Full range 
75 
75 


Supply-voltage 
rejection ratio 
VOO = 4.6 V to 16 V 
25°C 
80 
110 
80 
110 
dB 
kSVR 
(6VOOt/6VI0) 
Full range 
80 
80 


25°C 
1.7 
2.6 
1.7 
2.6 
100 
Supply current 
Vo =2.5 V, 
No load 
mA 
Full range 
2.6 
2.6 
t Full range is O°C to 70°C. 
NOTE 4: 
Typical values are based on the input offset voltage shift observed through 168 hours 01operating Iile test at TA = 150°C extrapolated 
to TA = 25°C using the Arrhenius equation and assuming. an activation energy 010.96 eV. 


TAt 
TLC2202AC 
TLC2202BC 
PARAMETER 
TEST CONDITIONS 
MIN 
TYP 
MAX 
MIN 
UNIT 
TYP 
MAX 


Vo = 0.5 V to 2.5 V, 
25°C 
1.6 
2.5 
1.6 
2.5 
SR 
Slew rate at unity gain 
RL = 10 kQ, 
CL = 100 pF 
VIIlS 
Full range 
1.1 
1.1 


Vn 
Equivalent input noise voltage 
1= 10 Hz 
25°C 
18 
35 
18 
30 
nVIYHZ 
(see Note 5) 
1=1 
kHz 
25°C 
8 
15 
8 
12 


VN(PP) 
Peak-to-peak 
equivalent input 
1= 0.1 to 1 Hz 
25°C 
0.5 
0.5 


noise voltage 
1= 0.1 to 10Hz 
25°C 
0.7 
0.7 
IlV 


In 
Equivalent input noise current 
25°C 
0.6 
0.6 
IAlYHZ 


Gain-bandwidth 
product 
1= 10 kHz, 
RL=10kQ, 
25°C 
1.9 
1.9 
MHz 
CL = 100 pF 


<l>m 
Phase margin at unity gain 
RL = 10 kQ, 
CL = 100 pF 
25°C 
47° 
47° 


t Full range is O°C to 70°C. 
NOTE 5: 
This parameter is tested on a sample basis lor the TLC2202A and on all devices lor the TLC2202B. 
For other test requirements, 
please 
contact the lactory. This statement has no bearing on testing or nontesting 01other parameters. 
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TLC22011 electrical characteristics 
at specified free-air temperature, 
Voo± = ±5 V (unless otherwise 
noted) 


TAt 
TLC22011 


PARAMETER 
TEST CONDITIONS 
MIN 
TYP 
MAX 
UNIT 


25°C 
100 
500 
VIO 
Input offset voltage 
Full range 
650 
!J.V 


aVIO 
Temperature coefficient 01input offset voltage 
Full range 
0.5 
!J.V/oC 


Input offset voltage long-term drift (see Note 4) 
25°C 
0.001 
0.005 
!J.V/mo 
VIC=O, 
RS = 50n 
25°C 
0.5 


110 
Input offset current 
Full range 
150 
pA 


25°C 
1 


liB 
Input bias current 


Full range 
150 
pA 


-5 


VICR 
Common-mode 
input voltage range 
RS= 50 n 
Full range 
to 
V 
2.7 


25°C 
4.7 
4.8 
VOM+ 
Maximum positive peak output voltage swing 
V 
Full range 
4.7 


RL= 
10kQ 
25°C 
-4.7 
-4.9 
VOM- 
Maximum negative peak output voltage swing 
V 
Full range 
-4.7 


25°C 
400 
560 
VO=±4V, 
RL = 500 kn 
Full range 
250 
AvO 
Large-signal 
differential voltage amplilication 
V/mV 
25°C 
90 
100 
VO=±4V, 
RL=10kQ 
Full range 
65 


VIC = VICRmin, 
25°C 
90 
115 
CMRR 
Common-mode 
rejection ratio 
dB 


VO=O, 
RS =50n 
Full range 
85 


25°C 
90 
110 
kSVR 
Supply voltage rejection ratio (t.vOO±/,1VIO) 
VOO± = ±2.3 V to ±8 V 
dB 


Full range 
85 


25°C 
1.1 
1.5 
100 
Supply current 
VO=O, 
No load 
mA 
Full range 
1.5 
t Full range is -40°C 
to 85°C. 
NOTE 4: 
Typical values are based on the input offset voltage shift observed through 168 hours 01operating lile test at TA = 150°C extrapolated 
to TA = 25°C using the Arrhenius equation and assuming an activation energy 010.96 eV. 


TAt 
TLC22011 


PARAMETER 
TEST CONDITIONS 
UNIT 
MIN 
TYP 
MAX 


VO=±2.3V, 
RL= 
10kQ, 
25°C 
2 
2.7 
SR 
Slew rate at unity gain 
V/!J.s 
CL = 100 pF 
Full range 
1.4 


1= 10 Hz 
25°C 
18 
Vn 
Equivalent input noise voltage 
1= 1 kHz 
25°C 
nV/-..!RZ 
8 


1= 0.1 to 1 Hz 
25°C 
0.5 
VN(PP) 
Peak-to-peak 
equivalent input noise voltage 
1=0.1 
to 10 Hz 
25°C 
0.7 
!J.V 


In 
Equivalent input noise current 
25°C 
0.6 
IA/-..!RZ 


Gain-bandwidth 
product 
1= 10 kHz, 
RL = 10 kQ, 
25°C 
1.9 
MHz 
CL = 100 pF 


'm 
Phase margin at unity gain 
RL = 10 kQ, 
CL = 100 pF 
25°C 
48° 
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TLC22011 electrical characteristics 
at specified free-air temperature, Voo± = ±5 V (unless otherwise 
noted) 


TAt 
TLC2201AI 
TLC221 OBI 
PARAMETER 
TEST CONDITIONS 
UNIT 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


25°C 
80 
200 
80 
200 
VIO 
Input offset voltage 
Full range 
350 
350 


~V 


Temperature coefficient of input 
Full range 
0.5 
0.5 
~V/oC 
aVIO 
offset voltage 


Input offset voltage long-term 
VIC=O. 
RS=50Q 
25°C 
0.001 
0.005 
0.001 
0.005 
~V/mo 
drift (see Note 4) 


25°C 
0.5 
0.5 
110 
Input offset current 
Full range 
150 
150 
pA 


25°C 
1 
1 
liB 
Input bias current 
Full range 
150 
150 
pA 


VICR 
Common-mode 
input voltage 
RS=50Q 
Full range 
-5to 
-5to 
V 
range 
2.7 
2.7 


Maximum positive peak output 
25°C 
4.7 
4.8 
4.7 
4.8 
VOM+ 
voltage swing 
V 
Full range 
4.7 
4.7 


Maximum negative peak output 


RL= 
10 kQ 
25°C 
-4.7 
-4.9 
-4.7 
-4.9 


VOM- 
voltage swing 
V 


Full range 
-4.7 
-4.7 


25°C 
400 
560 
400 
560 


Large-signal differential voltage 
VO=±4V, 
RL = 500 kQ 


Full range 
250 
250 
AVD 
amplification 
V/mV 
25°C 
90 
100 
90 
100 
VO=±4V, 
RL=10kQ 
Full range 
65 
65 


VIC = VICRmin, 
25°C 
90 
115 
90 
115 
CMRR 
CQmmon-mode rejection ratio 
dB 
VO=O. 
RS =50Q 
Full range 
85 
85 


Supply voltage rejection ratio 
25°C 
90 
110 
90 
110 
kSVR 
(AVDD±/AVIO) 
VDD ± = ±2.3 V to ±8 V 
dB 
Full range 
85 
85 


25°C 
1.1 
1.5 
1.1 
1.5 
IDD 
Supply current 
VO=O, 
No load 
mA 
Full range 
1.5 
1.5 
t Full range is -40°C 
to 85°C. 
NOTE 4: 
Typical values are based on the input offset voltage shift observed through 168 hours of operating life test at TA = 150°C extrapolated 
to TA = 25°C using the Arrhenius equation assuming an activation energy of 0.96 eV. 
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TAt 


TLC2201AI 
TLC2210BI 
PARAMETER 
TEST CONDITIONS 
UNIT 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


VO=±2.3V, 
25°C 
2 
2.7 
2 
2.7 
SR 
Slew rate at unity gain 
V/flS 


RL = 10 kQ, 
CL = 100 pF 
Full range 
1.4 
1.4 


Equivalent input noise voltage 
1= 10 Hz 
25°C 
18 
35 
18 
30 
nV/..JHZ 
Vn 
(see Note 5) 
1=1 
kHz 
25°C 
8 
15 
8 
12 


Peak-to-peak 
equivalent input 
1= 0.1 to 1 Hz 
25°C 
0.5 
0.5 
VN(PP} 
noise voltage 
1= 0.1 to 10Hz 
25°C 
0.7 
0.7 
flY 


In 
Equivalent input noise current 
25°C 
0.6 
0.6 
fA/..JHZ 


Gain-bandwidth 
product 
1= 10kHz, 
RL= 10kQ, 


25°C 
MHz 
1.9 
1.9 
CL = 100 pF 


<Pm 
Phase margin at unity gain 
RL=10kQ, 
CL = 100 pF 
25°C 
48° 
48° 


t Full range is -40°C 
to 85°C. 


NOTE 5: 
This parameter is tested on a sample basis lor the TLC2201 A and on all devices forthe TLC2201 B. For other test requirements, 
please 


contact the factory. This statement has no bearing on testing or nontesting of other parameters. 
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Advanced LinCMOSTM LOW-NOISE PRECISION 
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1997 


TLC22011 electrical 
characteristics 
at specified 
free-air temperature, 
Voo = 5 V (unless otherwise 
noted) 


TAt 
TLC22011 
PARAMETER 
TEST CONDITIONS 
MIN 
TYP 
MAX 
UNIT 


25°C 
100 
500 


VIO 
Input offset voltage 


Full range 
650 


!lV 


aVIO 
Temperature coefficient of input offset voltage 
Full range 
0.5 
!lV/oC 


Input offset voltage long-term drift (see Note 4) 
25°C 
0.001 
0.005 
!lV/mo 
VIC=O, 
RS=50Q 


25°C 
0.5 
110 
Input offset current 
Full range 
150 
pA 


25°C 
1 


liB 
Input bias current 
Full range 
150 
pA 


0 
VICR 
Common-mode 
input voltage range 
RS= 50 Q 
Full range 
to 
V 
2.7 


25°C 
4.7 
4.8 


VOH 
Maximum high-level output voltage 
RL= 
10 kQ 
V 
Full range 
4.7 


25°C 
0 
50 


VOL 
Maximum low-level output voltage 
10=0 
mV 
Full range 
50 


VO=l 
Vt04V, 
25°C 
150 
315 


RL = 500 kQ 
Full range 
100 
AVO 
Large-signal 
differential voltage amplification 
V/mV 
VO=1Vt04V, 
25°C 
25 
55 


RL= 
10 kQ 
Full range 
15 


VIC = VICRmin, 
25°C 
90 
110 
CMRR 
Common-mode 
rejection ratio 
dB 
VO=O, 
RS=50Q 
Full range 
85 


25°C 
90 
110 
kSVR 
Supply voltage rejection ratio (tNoo± 
/AVIO) 
Voo= 
4.6 V to 16 V 
dB 
Full range 
85 


25°C 
1 
1.5 


100 
Supply current 
VO=2.5V, 
No load 
mA 
Full range 
1.5 


t Full range is -40°C 
to 85°C. 


NOTE 4: 
Typical values are based on the input offset voltage shift observed through 168 hours of operating life test at TA = 150°C extrapolated 
to TA = 25°C using the Arrhenius equation and assuming an activation energy of 0.96 eV. 


TAt 
TLC22011 


PARAMETER 
TEST CONDITIONS 
UNIT 
MIN 
TYP 
MAX 


Vo = 0.5 V to 2.5 V, 
25°C 
1.8 
2.5 
SR 
Slew rate at unity gain 
V/!lS 
RL = 10 kQ" 
CL = 100 pF 
Full range 
1.2 


f= 
10 Hz 
25°C 
18 
Vn 
Equivalent input noise voltage 
f = 1 kHz 
25°C 
nV/vHZ 


8 


f= 0.1 to 1 Hz 
25°C 
0.5 
VN(PP) 
Peak-to-peak 
equivalent input noise voltage 
f=0.1t010Hz 
25°C 
0.7 
!lV 


In 
Equivalent input noise current 
25°C 
0.6 
fA/vHZ 


Gain-bandwidth 
product 
f = 10 kHz, 
RL = 10 kQ, 


25°C 
1.8 
MHz 
CL = 100 pF 


'!>m 
Phase margin at unity gain 
RL = 10 kQ, 
CL = 100 pF 
25°C 
45° 
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TLC22011 electrical 
characteristics 
at specified 
free-air temperature, 
VOO = 5 V (unless otherwise 
noted) 


TAt 
TLC2201AI 
TLC2201BI 
PARAMETER 
TEST CONDITIONS 
UNIT 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


25°C 
80 
200 
80 
200 
Via 
Input offset voltage 
Full range 
350 
350 
f.IA 


aVIO 
Temperature coefficient of 
Full range 
0.5 
0.5 
!iV/oC 
input offset voltage 


Input offset voltage long-term 
VIC=O. 
RS=50n 
25°C 
0.001 
0.005 
0.001 
0.005 
!iV/mo 
drift (see Note 4) 


25°C 
0.5 
0.5 
110 
Input offset current 
Full range 
150 
150 
pA 


25°C 
1 
1 
liB 
Input bias current 
Full range 
150 
150 
pA 


Common-mode 
input voltage 
0 
0 
VICR 
RS =50n 
Full range 
to 
to 
V 
range 
2.7 
2.7 


Maximum high-level output 
25°C 
4.7 
4.8 
4.7 
4.8 
VOH 
RL= 
10 kQ 
V 
voltage 
Full range 
4.7 
4.7 


VOL 
Maximum low-level output 
25°C 
0 
50 
0 
50 


voltage 
10=0 
mV 
Full range 
50 
50 


VO= 
1 Vt04 
V. 
25°C 
150 
315 
150 
315 


AVO 
Large-signal 
differential 
RL = 500 kQ 
Full range 
100 
100 
V/mV 
voltage amplification 
VO= 
1 Vt04V. 
25°C 
25 
55 
25 
55 


RL= 
10 kQ 
Full range 
15 
15 


CMRR 
Common-mode 
rejection ratio 
VIC = VICRmin, 
25°C 
90 
110 
90 
110 
dB 
VO=O. 
RS = 50n 
Full range 
85 
85 


kSVR 
Supply voltage rejection ratio 
VOO = 4.6 V to 16 V 
25°C 
90 
110 
90 
110 
dB 
(~VOO±/~VIO) 
Full range 
85 
85 


IDO 
Supply current 
25°C 
1 
1.5 
1 
1.5 
VO=2.5 
V. 
No load 
mA 
Full range 
1.5 
1.5 
t Full range is -40°C 
to 85°C. 
NOTE 4: 
Typical values are based on the input offset voltage shift observed through 168 hours of operating life test at TA = 150°C extrapolated 
to TA = 25°C using the Arrhenius equation and assuming an activation energy of 0.96 eV. 
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TAt 
TLC2201AI 
TLC2210BI 
PARAMETER 
TEST CONDITIONS 
UNIT 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


Vo = 0.5 V to 2.5 V, 
25°C 
1.8 
2.5 
1.8 
2.5 
SA 
Slew rate at unity gain 
V/IlS 
AL=10kQ, 
CL = 100 pF 
Full range 
1.2 
1.2 


Equivalent input noise 
f= 
10 Hz 
25°C 
18 
35 
18 
30 
nV/VHZ 
Vn 
voltage (see Note 5) 
f= 
1 kHz 
25°C 
8 
15 
8 
12 


Peak-to-peak 
equivalent input 
f= 0.1 to 1 Hz 
25°C 
0.5 
0.5 
VN(PP) 
noise voltage 
f=0.1t010Hz 
25°C 
0.7 
0.7 
,.N 


In 
Equivalent input noise current 
25°C 
0.6 
0.6 
fA/VHZ 


Gain-bandwidth 
product 
f = 10 kHz, 
AL=10kn, 
25°C 
1.8 
1.8 
MHz 
CL = 100 pF 


4lm 
Phase margin at unity gain 
AL=10kQ, 
(;L = lOa pt- 
25°C 
45° 
45° 


t Full range is -40°C 
to 85°C. 
NOTE 5: 
This parameter is tested on a sample basis for the TLC2201 A and on all devices for the TLC2201 B. For other test requirements, 
please 
contact the factory. This statement has no bearing on testing or nontesting of other parameters. 


~TEXAS 
INSTRUMENTS 


TLC220x, TLC220xA,TLC220xB,TLC220xY 
Advanced LinCMOSTM LOW·NOISE PRECISION 
OPERATIONAL AMPLIFIERS 
SLOS175 
- FEBRUARY 
1997 


TLC22021electrical characteristics 
at specified free-air temperature, Voo± = ±5 V (unless otherwise 
noted) 


TAt 


TLC22021 
PARAMETER 
TEST CONDITIONS 
MIN 
TYP 
MAX 
UNIT 


25°C 
100 
1000 
VIO 
Input offset voltage 
Full range 
1200 
IlV 


Temperature coefficient 01input offset voltage 
VIC=O. 
RS = 50n 


Full range 
0.5 
IlV/0C 
aVIO 


Input offset voltage long-term drift (see Note 4) 
25°C 
0.001 
0.005 
IlV/mo 


110 
Input offset current 
Full range 
150 


VIC=O. 
RS =50n 
25°C 
1 
pA 


liB 
Input bias current 
Full range 
150 


-5 


VICR 
Common-mode 
input voltage range 
RS = 50n 
Full range 
to 
V 
2.7 


25°C 
4.7 
4.8 
VOM+ 
Maximum positive peak output voltage swing 


Full range 
4.7 
V 
RL= 
10 kQ 
25°C 
-4.7 
-4.9 
VOM- 
Maximum negative peak output voltage swing 


Full range 
-4.7 
V 


25°C 
300 
560 
VO=±4V. 
RL = 500 kQ 
Full range 
150 
AVO 
Large-signal differential voltage amplilication 
V/mV 
25°C 
50 
100 
VO=±4V. 
RL = 10 kn 
Full range 
25 


VO=O. 
VIC = VICRmin. 
25°C 
80 
115 
CMRR 
Common-mode 
rejection ratio 
dB 
RS =50n 
Full range 
80 


25°C 
80 
110 
kSVR 
Supply-voltage 
rejection ratio (l\VOO±Il\VIO) 
VOO = ±2.3 V to ±8 V 
dB 


Full range 
80 


25°C 
1.8 
2.7 
100 
Supply current 
VO=O. 
No load 
mA 
Full range 
2.7 


t Full range is -40°C 
to 85°C. 
NOTE 4: 
Typical values are based on the input offset voltage shift observed through 168 hours 01operating lile test at TA = 150°C extrapolated 
to TA = 25°C using the Arrhenius equation and assuming an activation energy of 0.96 eV. 


TAt 


TLC22021 
PARAMETER 
TEST CONDITIONS 
UNIT 
MIN 
TYP 
MAX 


VO=±2.3V. 
RL = 10 kn, 
25°C 
1.8 
2.7 
SR 
Slew rate at unity gain 
V/IlS 
CL = 100 pF 
Full range 
1.2 


1= 10 Hz 
25°C 
18 
Vn 
Equivalent input noise voltage 
1= 1 kHz 
25°C 


nV/YHZ 
8 


1= 0.1 to 1 Hz 
25°C 
0.5 
VN(PP) 
Peak-to-peak 
equivalent input noise voltage 
1=0.1t010Hz 
25°C 
0.7 
IlV 


In 
Equivalent input noise current 
25°C 
0.6 
IAlYHZ 


Gain-bandwidth 
product 
1= 10 kHz, 
RL = 10 kn, 
25°C 
1.9 
MHz 
CL=100pF 


<l>m 
Phase margin at unity gain 
RL = 10 kn, 
CL = 100 pF 
25°C 
48° 


~TEXAS 
INSTRUMENTS 


TLC220x, TLC220xA,TLC220xB,TLC220xY 
Advanced LinCMOSTMLOW-NOISE PRECISION 
OPERATIONAL AMPLIFIERS 


SLOS175- 
FEBRUARY 
1997 


TLC22021 electrical characteristics 
at specified free-air temperature, Voo± = ±5 V (unless otherwise 


noted) 


TAt 
TLC2202AI 
TLC2202BI 


PARAMETER 
TEST CONDITIONS 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
UNIT 


25°C 
80 
500 
80 
500 
~V 
VIO 
Input offset voltage 
Full range 
700 
700 


aVIO 


Temperature coefficient 
VIC=O, 
RS = 50n 
Full range 
0.5 
0.5 
~V/oC 
of input offset voltage 


Input offset voltage long-term 
25°C 
0.001 
0.005 
0.001 
0.005 
~V/mo 
drift (see Note 4) 


Input offset current 
25°C 
0.5 
0.5 
pA 
110 
Full range 
150 
150 
VIC=O, 
RS=50n 
25°C 
1 
1 


liB 
Input bias current 


Full range 
150 
150 
pA 


Common-mode 
input 
-5 
-5 


VICR 
RS= 50n 
Full range 
to 
to 
V 
voltage range 
2.7 
2.7 


Maximum positive peak 
25°C 
4.7 
4.8 
4.7 
4.8 
VOM+ 
V 
output voltage swing 
Full range 
4.7 
4.7 


Maximum negative peak 
RL= 
10 kn 
25°C 
-4.7 
-4.9 
-4.7 
-4.9 
VOM- 
V 
output voltage swing 
Full range 
-4.7 
-4.7 


VO=±4V, 
25°C 
300 
560 
300 
560 


AVO 
Large-signal differential 
RL = 500 kn 
Full range 
150 
150 
V/mV 
voltage amplification 
VO=±4V, 
25°C 
50 
100 
50 
100 


RL= 
10 kn 
Full range 
25 
25 


CMRR 
Common-mode 
rejection ratio 
VIC = VICRmin, 
25°C 
80 
115 
80 
115 
dB 
VO=O, 
RS= 50n 
Full range 
80 
80 


kSVR 
Supply-voltage 
rejection ratio 
VOO± ±2.3 V to ±8 V 
25°C 
80 
110 
80 
110 


dB 


(6VOO±/6VI0) 
Full range 
80 
80 


100 
Supply current 
25°C 
1.8 
2.7 
1.8 
2.7 
VO=O, 
No load 
mA 
Full range 
2.7 
2.7 
t Full range is -40°C 
to 85°C. 


NOTE 4: 
Typical values are based on the input offset voltage shift observed through 168 hours of operating life test at TA = 150°C ex1rapolated 
to TA = 25°C using the Arrhenius equation and assuming an activation energy of 0.96 eV. 


TAt 
TLC2202AI 
TLC2202BI 
PARAMETER 
TEST CONDITIONS 
UNIT 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


Vo = ±2.3 V, RL = 10 kn, 
25°C 
1.8 
2.7 
1.8 
2.7 
SR 
Slew rate at unity gain 
V/~s 
CL = 100 pF 
Full range 
1.2 
1.2 


Vn 


Equivalent input noise voltage 
f-10 
Hz 
25°C 
18 
35 
18 
30 


nV/-JRZ 
(see Note 5) 
f = 1 kHz 
25°C 
8 
15 
8 
12 


VN(PP) 


Peak-to-peak 
equivalent 
f= 0.1 to 1 Hz 
25°C 
0.5 
0.5 
input noise voltage 
f-0.1t010Hz 
25°C 
0.7 
0.7 
~V 


In 
Equivalent input noise current 
25°C 
0.6 
0.6 
fA/-JRZ 


Gain-bandwidth 
product 
f = 10 kHz, 
RL = 10 kn, 
25°C 
1.9 
1.9 
MHz 
CL=100pF 


<l>m 
Phase margin at unity gain 
RL-10kQ, 
CL - 100 pF 
25°C 
48° 
48° 


t Full range is -40°C 
to 85°C. 


NOTE 5: 
This parameter is tested on a sample basis for the TLC2202A and on all devices forthe TLC2202B. 
For other test requirements, 
please 
contact the factory. This statement has no bearing on testing or nontesting of other parameters. 
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TLC22021 electrical 
characteristics 
at specified 
free-air temperature, 
Voo = 5 V (unless otherwise 
noted) 


TAt 
TLC22021 
PARAMETER 
TEST CONDITIONS 
MIN 
TYP 
MAX 
UNIT 


25°C 
100 
1000 
VIO 
Input offset voltage 
Full range 
1200 
llV 


Temperature coefficient of input offset voltage 
VIC=O, 
RS= 50 n 


Full range 
0.5 
llV/oC 
aVIO 


Input offset voltage long-term drift (see Note 4) 
25°C 
0.001 
0.005 
llV/mo 


110 
Input offset current 
Full range 
150 


VIC=O, 
RS =50n 
25°C 
1 
pA 
liB 
Input bias current 
Full range 
150 


0 


VICR 
Common-mode 
input voltage range 
RS = 50n 
Full range 
to 
V 
2.7 


25°C 
4.7 
4.8 
VOH 
Maximum high-level output voltage 
RL = 10 kn 
V 
Full range 
4.7 


25°C 
0 
50 


VOL 
Maximum low-level output voltage 
10=0 
50 
mV 
Full range 


VO=1 
Vt04V, 
25°C 
150 
315 


RL = 500 k!l 
Full range 
100 
AVO 
Large-signal 
differential voltage amplification 
V/mV 
VO= 
1 Vt04 
V, 
25°C 
25 
55 


RL = 10 kn 
Full range 
15 


VO=O, 
VIC = VICRmin, 
25°C 
75 
110 


CMRR 
Common-mode 
rejection ratio 
dB 
RS= 50n 
Full range 
75 


25°C 
80 
110 


kSVR 
Supply-voltage 
rejection ratio (AVOO±/AVIO) 
VOO= 4.6 V to 16 V 
dB 
Full range 
80 


25°C 
1.7 
2.6 
100 
Supply current 
VO=2.5 
V, 
No load 
mA 
Full range 
2.6 
t Full range is -40°C 
to 85°C. 
NOTE 4: 
Typical values are based on the input offset voltage shift observed through 168 hours of operating life test at TA = 150°C ex1rapolated 
to TA = 25°C using the Arrhenius equation and assuming an activation energy of 0.96 eV. 


TAt 


TLC22021 
PARAMETER 
TEST CONDITIONS 
UNIT 
MIN 
TYP 
MAX 


Vo = 0.5 V to 2.5 V, 
25°C 
1.6 
2.5 
SR 
Slew rate at unity gain 
V/llS 
RL = 10 kn, 
CL = 100 pF 
Full range 
1 


f= 10 Hz 
25°C 
18 
Vn 
Equivalent input noise voltage 


f= 1 kHz 
25°C 
nV/-JHZ 
8 


f = 0.1 to 1 Hz 
25°C 
0.5 
VN(PP} 
Peak-to-peak 
equivalent input noise voltage 


f=0.1t010Hz 
25°C 
0.7 
llV 


In 
Equivalent input noise current 
25°C 
0.6 
fAl-JHZ 


Gain-bandwidth 
product 
f=10kHz, 
RL = 10 k!l, 
25°C 
1.9 
MHz 
CL = 100 pF 


ct>m 
Phase margin at unity gain 
RL = 10 k!l, 
CL = 100 pF 
25°C 
47° 
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TLC22021electrical characteristics 
at specified free-air temperature, VOO= 5 V (unless otherwise 
noted) 


TAt 
TLC2202AI 
TLC2202BI 
PARAMETER 
TEST CONDITIONS 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
UNIT 


25°C 
80 
500 
80 
500 
IN 
VIO 
Input offset voltage 
Full range 
700 
700 


aVIO 


Temperature coefficient of 
VIC=O, 
RS =50n 
Full range 
0.5 
0.5 
JlVloC 
input offset voltage 


Input offset voltage long-term 
25°C 
0.001 
0.005 
0.001 
0.005 
JlVlmo 
drift (see Note 4) 


25°C 
0.5 
0.5 
pA 
110 
Input offset current 
Full range 
150 
150 
VIC=O, 
RS=50n 
25°C 
1 
1 
liB 
Input bias current 
Full range 
150 
150 
pA 


Common-mode 
input 
0 
0 


VICR 
RS = 50n 
Full range 
to 
to 
V 
voltage range 
2.7 
2.7 


Maximum high-level output 
25°C 
4.7 
4.8 
4.7 
4.8 
VOH 
RL= 10 kQ 
V 
voltage 
Full range 
4.7 
4.7 


Maximum low-level output 
25°C 
0 
50 
0 
50 
VOL 
10=0 
mV 
voltage 
Full range 
50 
50 


VO=1Vt04V, 
25°C 
150 
315 
150 
315 


AVD 
Large-signal 
differential 
RL = 500 kn 
Full range 
100 
100 
VlmV 
voltage amplification 
VO=1 
Vt04V, 
25°C 
25 
55 
25 
55 


RL= 
10 kn 
Full range 
15 
15 


CMRR 
Common-mode 
rejection ratio 
VIC = VICRmin, 
25°C 
75 
110 
75 
110 
dB 
VO=O, 
RS=50n 
Full range 
75 
75 


Supply-voltage 
rejection ratio 
25°C 
80 
110 
80 
110 
kSVR 
VDD = 4.6 V to 16 V 
dB 
(~VDD±/~VIO) 
Full range 
80 
80 


IDD 
Supply current 
25°C 
1.7 
2.6 
1.7 
2.6 
VO=2.5V, 
No load 
mA 
Full range 
2.6 
2.6 


t Full range is -40°C 
to 85°C 
NOTE 4: 
Typical values are based on the input offset voltage shift observed through 168 hours of operating life test at TA = 150°C extrapolated 
to TA = 25°C using the Arrhenius equation and assuming an activation energy of 0.96 eV. 


TAt 
TLC2202AI 
TLC2202BI 


PARAMETER 
TEST CONDITIONS 
UNIT 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


Va = 0.5 V to 2.5 V, 
25°C 
1.6 
2.5 
1.6 
2.5 
SR 
Slew rate at unity gain 
VIJls 
RL = 10 kQ, 
CL = 100 pF 
Full range 
1 
1 


Vn 


Equivalent input noise voltage 
f= 10 Hz 
25°C 
18 
35 
18 
30 
nVI*iZ 
(see Note 5) 
f-1 
kHz 
25°C 
8 
15 
8 
12 


VN(PP) 
Peak-to-peak 
equivalent 
f = 0.1 to 1 Hz 
25°C 
0.5 
0.5 
input noise voltage 
f = 0.1 to 10Hz 
25°C 
0.7 
0.7 
JlV 


In 
Equivalent input noise current 
25°C 
0.6 
0.6 
w*iZ 


Gain-bandwidth 
product 
f - 10 kHz, 
RL - 10 kn, 
25°C 
1.9 
1.9 
MHz 
CL = 100 pF 


<l>m 
Phase margin at unity gain 
RL = 10 kfl, 
CL = 100 pF 
25°C 
47° 
47° 


t Full range is -40°C 
to 85°C 
NOTE 5: 
This parameter is tested on a sample basis for the TLC2202A and on all devices for the TLC2202B. For other test requirements, 
please 
contact the factory. This statement has no bearing on testing or nontesting of other parameters. 
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TLC2201M electrical characteristics at specified free-air temperature, Voo ± = ±S 
V (unless 
otherwise noted) 


TAt 
TLC2201M 
PARAMETER 
TEST CONDITIONS 
UNIT 
MIN 
TYP 
MAX 


25°C 
100 
500 
VIO 
Input offset voltage 
Full range 
700 
~V 


aVIO 
Temperature coefficient of input offset voltage 
Full range 
0.5 
~V/oC 


Input offset voltage long-term drift (see Note 4) 
25°C 
0.001 
0.005 
~V/mo 
VIC=O, 
RS= 50n 
25°C 
0.5 
110 
Input offset current 
Full range 
500 
pA 


25°C 
1 
liB 
Input bias current 
Full range 
500 
pA 


-5 


VICR 
Common-mode 
input voltage range 
RS=50n 
Full range 
to 
V 
2.7 


25°C 
4.7 
4.8 
VOM+ 
Maximum positive peak output voltage swing 
V 
Full range 
4.7 
RL = 10 kn 
25°C 
-4.7 
-4.9 
VOM- 
Maximum negative peak output voltage swing 
V 
Full range 
-4.7 


25°C 
400 
560 
VO=±4V, 
RL = 500 kQ 
Full range 
200 
AVO 
Large-signal differential voltage amplification 
V/mV 
25°C 
90 
100 
Vo =±4 
V, 
RL= 
10 kQ 
Full range 
45 


VIC = VICRmin, 
25°C 
90 
115 
CMRR 
Common-mode 
rejection ratio 
dB 
VO=O, 
RS=50n 
Full range 
85 


25°C 
90 
110 
kSVR 
Supply voltage rejection ratio (t,vOO±lt,vIO) 
VOO± = ±2.3 V to ±8 V 
dB 
Full range 
85 


25°C 
1.1 
1.5 
IDO 
Supply current 
VO=O, 
No load 
mA 
Full range 
1.5 
t Full range is -55°C 
to 125°C. 


NOTE 4: 
Typical values are based on the input offset voltage shift observed through 168 hours of operating life test at TA = 150°C ex1rapolated 
to TA = 25°C using the Arrhenius equation and assuming an activation energy of 0.96 eV. 


TAt 
TLC2201M 
PARAMETER 
TEST CONDITIONS 
MIN 
TYP 
UNIT 
MAX 


Vo =±2.3V, 
RL=10kQ, 
25°C 
2 
2.7 
SR 
Slew rate at unity gain 
CL = 100 pF 
V/~s 
Full range 
1.3 


f= 10 Hz 
25°C 
18 
nV/VHZ 
Vn 
Equivalent input noise voltage 
f= 1 kHz 
25°C 
8 


f = 0.1 to 1 Hz 
25°C 
0.5 
VN(PP) 
Peak-to-peak 
equivalent input noise voltage 
f=0.1t010Hz 
25°C 
0.7 
~V 


In 
Equivalent input noise current 
25°C 
0.6 
fAlVHZ 


Gain-bandwidth 
product 
f = 10 kHz, 
RL= 
10kQ, 


25°C 
1.9 
MHz 
CL = 100 pF 


<Pm 
Phase margin 
RL = 10 kn, 
CL = 100 pF 
25°C 
48° 
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TLC2201M electrical characteristics at specified free-air temperature, Voo± = ±5 V (unless 
otherwise noted) 


TAt 


TLC2201AM 
TLC2210BM 
PARAMETER 
TEST CONDITIONS 
UNIT 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


25°C 
80 
200 
80 
200 
VIO 
Input offset voltage 


Full range 
400 
400 
l1V 


aVIO 
Temperature coefficient of 
Full range 
0.5 
0.5 
l1V/oC 
input offset voltage 


Input offset voltage 
VIC:O, 
RS:50n 
25°C 
0.001 
0.005 
0.001 
0.005 
l1V/mo 
long-term drift (see Note 4) 


25°C 
0.5 
0.5 


110 
Input offset current 


Full range 
500 
500 
pA 


25°C 
1 
1 


liB 
Input bias current 


Full range 
500 
500 
pA 


Common-mode 
input 
-5 
-5 


VICR 
RS: 
50n 
Full range 
to 
to 
V 
voltage range 
2.7 
2.7 


Maximum positive peak 
25°C 
4.7 
4.8 
4.7 
4.8 
VOM+ 
output voltage swing 
V 


Full range 
4.7 
4.7 


RL: 
10 kQ 
25°C 
-4.7 
-4.9 
-4.7 
-4.9 
Maximum negative peak 
VOM- 
output voltage swing 
V 


Full range 
-4.7 
-4.7 


VO:±4V, 
25°C 
400 
560 
400 
560 


Large-signal differential 
RL: 
500 kQ 
Full range 
200 
200 
AVO 
voltage amplification 
V/mV 
VO:±4V, 
25°C 
90 
100 
90 
100 


RL: 
10 kQ 
Full range 
45 
45 


Common-mode 
rejection 
VIC : VICRmin, 
25°C 
90 
115 
90 
115 
CMRR 
ratio 
dB 


VO:O, 
RS:50n 
Full range 
85 
85 


Supply voltage rejection 
25°C 
90 
110 
90 
110 
kSVR 
ratio (fiVoo±lt,vIO) 
VOO ±: 
±2.3 V to ±8 V 
dB 
Full range 
85 
85 


25°C 
1.1 
1.5 
1.1 
1.5 


100 
Supply current 
VO:O, 
No load 
mA 


Full range 
1.5 
1.5 
t Full range is -55°C 
to 125°C. 


NOTE 4: 
Typical values are based on the input offset voltage shift observable through 168 hours of operating life test at TA: 
150°C eX1rapolated 
to TA : 25°C using the Arrhenius equation and assuming an activation energy of 0.96 eV. 
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TEST 
TAt 
TLC2201AM 
TLC2201BM 
PARAMETER 
CONDITIONS 
UNIT 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


VO=±2.3 
V, 
25°C 
2 
2.7 
2 
2.7 
SR 
Slew rate at unity gain 
RL=10kn, 
V/IlS 
CL=100pF 
Full range 
1.3 
1.3 


Equivalent input noise voltage 
f= 
10 Hz 
25°C 
18 
35 
18 
30 
Vn 
nV/VHZ 
(see Note 5) 
f= 
1 kHz 
25°C 
8 
15 
8 
12 


Peak-to-peak 
equivalent input 
f= 0.1 to 1 Hz 
25°C 
0.5 
0.5 
VN(PP) 
noise voltage 
f=O.l 
to 10 Hz 
25°C 
0.7 
0.7 
IlV 


In 
Equivalent input noise current 
25°C 
0.6 
0.6 
fAlVHZ 


f = 10 kHz, 


Gain-bandwidth 
product 
RL=10kn, 
25°C 
1.9 
1.9 
MHz 
CL = 100 pF 


<1>m 
Phase margin at unity gain 
RL=10kQ 
25°C 
48° 
48° 
CL = 100 pF 
t Full range is -55°C 
to 125°C. 


NOTE 5: 
This parameter is tested on a sample basis for the TLC2201 A and on all devices for the TLC2201 B. For other test requirements, 
please 
contact the factory. This statement has no bearing on testing or nontesting of other parameters. 
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TLC2201 M electrical 
characteristics 
at specified free-air temperature, 
Voo = 5 V (unless otherwise 
noted) 


TAt 
TLC2201M 
PARAMETER 
TEST CONDITIONS 
MIN 
TYP 
MAX 
UNIT 


25°C 
100 
500 
Via 
Input offset voltage 
Full range 
700 
IlV 


aVIO 
Temperature coefficient of input offset voltage 
Full range 
0.5 
IlV/oC 


Input offset voltage long-term drift (see Note 4) 
25°C 
0.001 
0.005" 
IlV/mo 
VIC=O, 
RS=50Q 
25°C 
0.5 
110 
Input offset current 
Full range 
500 
pA 


25°C 
1 
liB 
Input bias current 
Full range 
500 
pA 


0 
VICR 
Common-mode 
input voltage range 
RS=50Q 
Full range 
to 
V 
2.7 


25°C 
4.7 
4.8 
VOH 
Maximum high-level output voltage 
RL=10kQ 
V 
Full range 
4.7 


25°C 
0 
50 
VOL 
Maximum low-level output voltage 
10=0 
mV 
Full range 
50 


VO=l 
Vt04V, 
25°C 
150 
315 


RL = 500 kQ 
Full range 
75 
AVO 
Large-signal differential voltage amplification 
V/mV 
VO=lVt04V, 
25°C 
25 
55 


RL=10kQ 
Full range 
10 


VIC = VICRmin, 
25°C 
90 
110 
CMRR 
Common-mode 
rejection ratio 
dB 
VO=O, 
RS =50Q 
Full range 
85 


25°C 
90 
110 
kSVR 
Supply voltage rejection ratio ("'VOO± I"'VIO) 
VOO= 4.6 V to 16 V 
dB 
Full range 
85 


25°C 
1 
1.5 
100 
Supply current 
VO=2.5V, 
No load 
mA 
Full range 
1.5 


·On products compliant to MIL-PRF-38535, 
Class B, this parameter is not production tested. 
t Full range is -55°C 
to 125°C. 
NOTE 4: 
Typical values are based on the input offset voltage shift observed through 168 hours of operating life test at TA = 150°C ex1rapolated 
to TA = 25°C using the Arrhenius equation and assuming an activation energy of 0.96 eV. 


TAt 
TLC2201M 
PARAMETER 
TEST CONDITIONS 
UNIT 
MIN 
TYP 
MAX 


Va = 0.5 V to 2.5 V, 
25°C 
1.8 
2.5 
SR 
Slew rate at unity gain 
V/IlS 
RL = 10 kQ, 
CL = 100 pF 
Full range 
1.1 


f= 10 Hz 
25°C 
18 
Vn 
Equivalent input noise voltage 


f = 1 kHz 
25°C 
nV/...rFG. 


8 


f= 0.1 to 1 Hz 
25°C 
0.5 
VN(PP) 
Peak-to-peak 
equivalent input noise voltage 


f = 0.1 to 10 Hz 
25°C 
0.7 
IlV 


In 
Equivalent input noise current 
25°C 
0.6 
fA/...rFG. 


Gain-bandwidth 
product 
f= 
10kHz, 
RL = 10 kQ, 


25°C 
1.8 
MHz 
CL = 100 pF 


~m 
Phase margin at unity gain 
RL=10kQ, 
CL = 100 pF 
25°C 
45° 
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TLC2201 M electrical 
characteristics 
at specified free-air temperature, 
Voo = 5 V (unless otherwise 
noted) 


TAt 
TLC2201AM 
TLC2210BM 
PARAMETER 
TEST CONDITIONS 
UNIT 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


25°C 
80 
200 
80 
200 
VIO 
Input offset voltage 
Full range 
400 
400 
IN 


aVIO 
Temperature coefficient of 
Full range 
0.5 
0.5 
!lV/oC 
input offset voltage 


Input offset voltage 
VIC=O. 
RS =50n 
25°C 
0.001 
0.005 
0.001 
0.005 
!lV/mo 
long-term drift (see Note 4) 


25°C 
0.5 
0.5 
110 
Input offset current 
Full range 
500 
500 
pA 


25°C 
1 
1 
liB 
Input bias current 
Full range 
500 
500 
pA 


Common-mode 
input 
0 
0 


VICR 
Rs=50n 
Full range 
to 
to 
V 
voitage range 
2.7 
2.7 


Maximum high-level output 
25°C 
4.7 
4.8 
4.7 
4.8 
VOH 
RL=10kn 
V 
voltage 
Full range 
4.7 
4.7 


Maximum low-level output 
25°C 
0 
50 
0 
50 
VOL 
10=0 
V 
voltage 
Full range 
50 
50 


VO=1Vt04V. 
25°C 
150 
315 
150 
315 


Large-signal differential 
RL = 500 kn 
Full range 
75 
75 
AVO 
V/mV 
voltage amplification 
VO=1 
Vt04V. 
25°C 
25 
55 
25 
55 


RL = 10 kn 
Full range 
10 
10 


Common-mode 
rejection 
VIC = VICRmin, 
25°C 
90 
110 
90 
110 
CMRR 
dB 
ratio 
VO=O, 
RS=50n 
Full range 
85 
85 


Supply voltage rejection 
25°C 
90 
110 
90 
110 
kSVR 
VOO=4.6Vt016V 
dB 
ratio (6VOO±/6VI0) 
Full range 
85 
85 


25°C 
1.1 
1.5 
1.1 
1.5 
100 
Supply current 
VO=2.5V. 
No load 
mA 
Full range 
1.5 
1.5 
t Full range is -55°C 
to 125°C. 
NOTE 4: 
Typical values are based on the input offset voltage shift observable through 168 hours of operating life test at TA = 150°C ex1rapolated 
to TA = 25°C using the Arrhenius equation and assuming an activation energy of 0.96 eV. 
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TAt 
TLC2201AM 
TLC2201BM 


PARAMETER 
TEST CONDITIONS 
UNIT 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


Vo = 0.5 V to 2.5 V, 
25'C 
1.8 
2.5 
1.8 
2.5 
SR 
Slew rate at unity gain 
RL=10kn, 
V/flS 
CL=100pF 
Full range 
1.1 
1.1 


Equivalent input noise voltage 
1= 10 Hz 
25'C 
18 
35 
18 
30 


Vn 
nV/.JHz 
(see Note 5) 
1=1 
kHz 
25'C 
8 
15 
8 
12 


Peak-to-peak 
equivalent input 
1= 0.1 to 1 Hz 
25'C 
0.5 
0.5 


VN(PP) 
noise voltage 
1= 0.1 to 10Hz 
25'C 
0.7 
0.7 
flV 


In 
Equivalent input noise current 
25'C 
0.6 
0.6 
fAI.JHz 


1= 10 kHz, 


Gain-bandwidth 
product 
RL=10kn, 
25'C 
1.8 
1.8 
MHz 
CL=100pF 


<Pm 
Phase margin at unity gain 
RL=10kQ, 


25'C 
45' 
45' 
CL=100pF 
t Full range is -55'C 
to 125'C. 


NOTE 5: 
This parameter is tested on a sample basis lor the TLC2201 A and on all devices lor the TLC2201 B. For other test requirements, 
please 
contact the lactory. This statement has no bearing on testing or nontesting 01other parameters. 
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TLC2202M electrical characteristics at specified free-air temperature, Voo± = ±5 V (unless 
otherwise noted) 


TAt 
TLC2202M 
PARAMETER 
TEST CONDITIONS 
MIN 
TYP 
MAX 
UNIT 


2SoC 
100 
1000 
VIO 
Input offset voltage 
Full range 
12S0 
llV 


Temperature coefficient 01input offset voltage 
VIC=O, 
RS =son 
Full range 
O.S 
llV/oC 
aVIO 


Input offset voltage long-term drift (see Note 4) 
2SoC 
0.001 
O.OOS" 
llV/mo 


110 
Input offset current 
Full range 
SOO 


VIC=O, 
RS = son 
2Soc 
1 
pA 
liB 
Input bias current 
Full range 
SOO 


-S 


VICR 
Common-mode 
input voltage range 
RS =son 
Full range 
to 
V 
2.7 


2SoC 
4.7 
4.8 
VOM+ 
Maximum positive peak output voltage swing 
Full range 
4.7 
V 
RL=10kn 
2SoC 
-4.7 
-4.9 
VOM- 
Maximum negative peak output voltage swing 
Full range 
-4.7 
V 


VO=1 
Vt04V, 
2SoC 
300 
S60 


RL = SOOkQ 
Full range 
100 
AVO 
Large-signal 
differential voltage amplilication 
V/mV 
VO=1Vt04V, 
2SoC 
so 
100 


RL= 
10 kQ 
Full range 
2S 


VO=O, 
VIC = VICRmin, 
2SoC 
80 
11S 
CMRR 
Common-mode 
rejection ratio 
dB 
RS =son 
Full range 
80 


2SoC 
80 
110 
kSVR 
Supply-voltage 
rejection ratio (dVOO±/dVIO) 
VOO= ±2.3 V to ±8 V 
dB 
Full range 
80 


2SoC 
1.8 
2.7 


100 
Supply current 
VO=O, 
No load 
mA 
Full range 
2.7 


"On products compliant to MIL-PRF-38S3S, Class B, this parameter is not production tested. 
t Full range is -SsoC to 12SoC. 
NOTE 4: 
Typical values are based on the input offset voltage shift observed through 168 hours 01operating lile test at TA = 1S0°C extrapolated 
to TA = 2SoC using Arrhenius equation and assuming an activation energy 010.96 eV. 


TAt 
TLC2202M 
PARAMETER 
TEST CONDITIONS 
UNIT 
MIN 
TYP 
MAX 


Vo =±2.3V, 
RL = 10 kQ, 
2SoC 
1.8 
2.7 
SR 
Slew rate at unity gain 
V/llS 
CL = 100 pF 
Full range 
1.1 


1= 10 Hz 
2S'C 
18 
Vn 
Equivalent input noise voltage 
f= 1 kHz 
2SoC 
nV/-JHZ 
8 


VN(PP) 


1= 0.1 to 1 Hz 
2SoC 
O.S 
Peak-to-peak 
equivalent input noise voltage 
1= 0.1 to 10 Hz 
2SoC 
0.7 
llV 


In 
Equivalent input noise current 
2SoC 
0.6 
IAI-JHZ 


Gain-bandwidth 
product 
1= 10 kHz, 
RL = 10 kQ, 
2SoC 
1.9 
MHz 
CL = 100 pF 


<l>m 
Phase margin at unity gain 
RL= 
10kQ, 
CL = 100 pF 
2S'C 
48' 
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TLC2202M electrical characteristics at specified free-air temperature, VOO± = ±5 V (unless 
otherwise noted) 


TAt 
TLC2202AM 
TLC2202BM 
PARAMETER 
TEST CONDITIONS 
TYP 
MAX 
MIN 
TYP 
MAX 
UNIT 


MIN 


25°C 
80 
SOD 
80 
SOD 
JlV 
VIO 
Input offset voltage 


Full range 
7S0 
7S0 


aVIO 
Temperature coefficient 
VIC=O. 
Rs= 
son 
Full range 
O.S 
O.S 
JlV/"C 
of input offset voltage 


Input offset voltage 
2SoC 
0.001 
O.OOS" 
0.001 
O.OOS" 
JlV/mo 
long-term drift (see Note 4) 


2SoC 
O.S 
O.S 
pA 
110 
Input offset current 


Full range 
SOD 
SOD 
VIC=O. 
RS = son 
2Soc 
1 
1 
liB 
Input bias current 


Full range 
SOD 
SOD 
pA 


Common-mode 
input 
-S 
-S 


VICR 
RS = SOn 
Full range 
to 
to 
V 
voltage range 
2.7 
2.7 


Maximum positive peak 
2SoC 
4.7 
4.8 
4.7 
4.8 
V 
VOM+ 
output voltage swing 
Full range 
4.7 
4.7 


Maximum negative peak 


RL = 10 kn 
2SoC 
-4.7 
-4.9 
-4.7 
-4.9 
VOM- 
V 
output voltage swing 
Full range 
-4.7 
-4.7 


VO=±4V. 
2SoC 
300 
S60 
300 
S60 


Large-signal differential 
RL = SODkQ 
Full range 
100 
100 
AVD 
voltage amplification 
V/mV 
VO=±4V. 
2SoC 
SO 
100 
SO 
100 


RL=10kQ 
Full range 
2S 
2S 


CMRR 
Common-mode 
rejection 
VO=O. 
VIC = VICRmin, 
2SoC 
80 
11S 
80 
11S 
dB 
ratio 
RS=son 
Full range 
80 
80 


Supply-voltage 
rejection 
2SoC 
80 
110 
80 
110 
dB 
kSVR 
ratio (t.VDD±lt,vIO) 
VDD± = ±2.3 V to ±8 V 
Full range 
80 
80 


2SoC 
1.8 
2.7 
1.8 
2.7 
IDD 
Supply current 
VO=O. 
No load 
mA 
Full range 
2.7 
2.7 


"On products compliant to MIL-PRF-38S3S, Class B. this parameter is not production tested. 
t Full range is -SsoC to 12SoC. 
NOTE 4: 
Typical values are based on the input offset voltage shift observed through 168 hours of operating life test at TA = 1S0°C extrapolated 
to TA = 2SoC using the Arrhenius equation and assuming an activation energy of 0.96 eV. 
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TLC2202AM 
TLC2202BM 
PARAMETER 
TEST CONDITIONS 
TAt 
UNIT 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


VO=±2.3 
V, 
25°C 
1.8 
2.7 
1.8 
2.7 
SR 
Slew rate at unity gain 
RL=10kQ, 
V/llS 
CL = 100 pF 
Full range 
1.1 
1.1 


Equivalent input noise voltage 
1= 10 Hz 
25°C 
18 
35' 
18 
30' 
Vn 
nV/v'RZ 
(see Note 5) 
1=1 
kHz 
25°C 
8 
15' 
8 
12' 


Peak-to-peak 
equivalent input 
1= 0.1 to 1 Hz 
25°C 
0.5 
0.5 
VN(PP) 
noise voltage 
I = 0.1 to 10Hz 
25°C 
0.7 
0.7 
llV 


In 
Equivalent input noise current 
25°C 
0.6 
0.6 
IA/v'RZ 


1=10kHz, 


Gain-bandwidth 
product 
RL=10kQ, 
25°C 
1.9 
1.9 
MHz 
CL=100pF 


<l>m 
Phase margin at unity gain 
RL = 10 kQ, 
25°C 
48° 
48° 
CL = 100 pF 


'On 
products compliant to MIL-PRF-38535, 
Class B, this parameter is not production tested. 
t Full range is -55°C 
to 125°C. 
NOTE 5: 
This parameter is tested on a sample basis lor the TLC2202A and on all devices lor the TLC2202B. 
For other test requirements, 
please 
contact the lactory. This statement has no bearing on testing or nontesting 01other parameters. 
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TLC2202M 
electrical characteristics 
at specified free-air temperatures, 
VOO = 5 V (unless otherwise 
noted) 


TAt 
TLC2202M 


PARAMETER 
TEST CONDITIONS 
TYP 
UNIT 
MIN 
MAX 


25°C 
100 
1000 
VIO 
Input offset voltage 
Full range 
1250 
~V 


Temperature coefficient of input offset voltage 
VIC=O, 
RS = 50 n 


Full range 
0.5 
~V/oC 
aVIO 


Input offset voltage long-term drift (see Note 4) 
25°C 
0.001 
0.005* 
~V/mo 


110 
Input offset current 
Full range 
500 


VIC=O, 
RS=50n 
25°C 
1 
pA 
liB 
Input bias current 


Full range 
500 


0 


VICR 
Common-mode 
input voltage range 
RS =50n 
Full range 
to 
V 
2.7 


25°C 
4.7 
4.8 


VOH 
Maximum high-level output voltage 
RL=10kn 
V 


Full range 
4.7 


25°C 
0 
50 


VOL 
Maximum low-level output voltage 
10=0 
mV 


Full range 
50 


VO=1Vt04V, 
25°C 
150 
315 


RL = 500 kn 
Full range 
75 


AVO 
Large-signal differential voltage amplification 
V/mV 


VO=1Vt04V, 
25°C 
25 
55 


RL= 
10 kQ 
Full range 
10 


25°C 
75 
110 


CMRR 
Common-mode 
rejection ratio 
VIC = VICRmin, 
RS= 50n 
dB 


Full range 
75 


25°C 
80 
110 
kSVR 
Supply-voltage 
rejection ratio (t.VOO± /t.VIO) 
VOO= 4.6 V to 16 V 
dB 
Full range 
BO 


25°C 
1.7 
2.6 


100 
Supply current 
VO=2.5V, 
No load 
mA 
Full range 
2.6 


*On products compliant to MIL-PRF-38535, 
Class B,this 
parameter is not production tested. 


t Full range is -55°C 
to 125°C. 


NOTE 4: 
Typical values are based on the input offset voltage shift observed through 16B hours of operating life test at TA = 150°C extrapolated 
to TA = 25°C using the Arrhenius equation and assuming an activation energy of 0.96 eY. 


TAt 


TLC2202M 
PARAMETER 
TEST CONDITIONS 
MIN 
TYP 
UNIT 
MAX 


Vo = 0.5 V to 2.5 V, 
25°C 
1.6 
2.5 
SR 
Slew rate at unity gain 
V/~s 
RL=10kQ, 
CL = 100 pF 
Full range 
0.9 


f= 10 Hz 
25°C 
18 
nV/{RZ 
Vn 
Equivalent input noise voltage 
f = 1 kHz 
25°C 
8 


f = 0.1 to 1 Hz 
25°C 
0.5 


VN(PP) 
Peak-to-peak 
equivalent input noise voltage 
f = 0.1 to 10Hz 
25°C 
0.7 
~V 


In 
Equivalent input noise current 
25°C 
0.6 
fA/{RZ 


Gain-bandwidth 
product 
f = 10 kHz, 
RL= 
10kQ, 
25°C 
1.9 
MHz 
CL = 100 pF 


<l>m 
Phase margin at unity gain 
RL=10kQ, 
CL=100pF 
25°C 
4]0 
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TLC2202M 
electrical 
characteristics 
at specified free-air temperature, 
Voo = 5 V (unless otherwise 
noted) 


TLC2202AM 
TLC2202BM 
PARAMETER 
TEST CONDITIONS 
TAt 
UNIT 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


25°C 
80 
500 
80 
500 
Via 
Input offset voltage 
Full range 
750 
750 
IlV 


aVIO 
Temperature coefficient of 
VIC=O, 
RS =50 n 
Full range 
0.5 
0.5 
IlV;oC 
input offset voltage 


Input offset voltage 
25°C 
0.001 
0.005" 
0.001 
0.005" 
IlV/mo 
long-term drift (see Note 4) 


25°C 
0.5 
0.5 
110 
Input offset current 
Full range 
500 
500 
pA 


VIC=O, 
RS=50n 
25°C 
1 
1 
liB 
Input bias current 
Full range 
500 
500 
pA 


Common-mode 
input 
0 
0 
VICR 
RS = 50n 
Full range 
to 
to 
V 
voltage range 
2.7 
2.7 


Maximum high-level output 
25°C 
4.7 
4.8 
4.7 
4.8 
VOH 
RL= 
10kn 
V 
voltage 
Full range 
4.7 
4.7 


Maximum low-level output 
25°C 
0 
50 
0 
50 
VOL 
10=0 
mV 
voltage 
Full range 
50 
50 


Va = 1 Vto 4 V, 
25°C 
150 
315 
150 
315 


Large-signal 
differential 
RL = 500 kn 
Full range 
75 
75 
AVD 
V/mV 
voltage amplification 
VO=1Vt04V, 
25°C 
25 
55 
25 
55 


RL=10kn 
Full range 
10 
10 


Common-mode 
rejection 
VO=O, 
VIC = VICRmin, 
25°C 
75 
110 
75 
110 
CMRR 
dB 
ratio 
RS=50n 
Full range 
75 
75 


Supply-voltage 
rejection 
25°C 
80 
110 
80 
110 
kSVR 
VDD =4.6Vto 
16V 
dB 
ratio (e-VDD± /e-VIO) 
Full range 
80 
80 


25°C 
1.7 
2.6 
1.7 
2.6 
IDD 
Supply current 
VO=2.5V. 
No load 
mA 
Full range 
2.6 
2.6 


"On products compliant to MIL-PRF-38535. 
Class B. this parameter is not production tested. 
t Full range is -55°C 
to 125°C 
NOTE 4: 
Typical values are based on the input offset voltage shift observed through 168 hours of operating life test at TA = 150°C extrapolated 
to TA = 25°C using the Arrhenius equation and assuming an activation energy of 0.96 eV. 
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TLC2202AM 
TLC2202BM 
PARAMETER 
TEST CONDITIONS 
TAt 
UNIT 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


VA = 0.5 V to 2.5 V, 
25°C 
1.6 
2.5 
1.6 
2.5 
SR 
Slew rate at unity gain 
RL= 
10kn, 
VIliS 
CL = 100 pF 
Full range 
0.9 
1.1 


Equivalent input noise voltage 
1= 10 Hz 
25°C 
18 
35' 
18 
30' 
nV/..JRZ 
Vn 
(see Note 5) 
1=1 
kHz 
25°C 
8 
15' 
8 
12' 


Peak-to-peak 
equivalent input 
1= 0.1 to 1 Hz 
25°C 
0.5 
0.5 
VN(PP) 
noise voltage 
1=0.ltol0Hz 
25°C 
0.7 
0.7 
!LV 


In 
Equivalent input noise current 
25°C 
0.6 
0.6 
fAI..JRZ 


1= 10 kHz, 
Gain-bandwidth 
product 
RL= 
10 kQ, 
25°C 
1.9 
1.9 
MHz 
CL = 100 pF 


<Pm 
Phase margin at unity gain 
RL = 10 kn, 


25°C 
47° 
47° 
CL = 100 pF 


• On products compliant to MIL-PRF-38535, 
Class B, this parameter is not production tested. 
t Full range is -55°C 
to 125°C 
NOTE 5: 
This parameter is tested on a sample basis lor the TLC2202A and on all devices lor the TLC2202B. 
For other test requirements, 
please 
contact the lactory. This statement has no bearing on testing or nontesting 01other parameters. 
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TLC2201Y 
PARAMETER 
TEST CONDITIONS 
UNIT 
MIN 
TYP 
MAX 


VIO 
Input offset voltage 
100 
I·LV 


Input offset voltage long-term drift (see Note 4) 
0.001 
~V/mo 


110 
Input offset current 
VIC=O, 
RS =50Q 
0.5 
pA 


liB 
Input bias current 
1 
pA 


VOH 
Maximum high-level output voltage 
RL=10kQ 
4.6 
V 


VOL 
Maximum low-level output voltage 
10=0 
0 
mV 


VO=1Vt04V, 
RL = 500 Q 
55 


AVD 
Large-signal 
differential voltage amplilication 
V/mV 


VO=1Vt04V, 
RL= 
10Q 
55 


CMRR 
Common-mode 
rejection ratio 
VIC = VICRmin, 
VO=O, 
110 
dB 
RS=50Q 


kSVR 
Supply voltage rejection ratio (t.vDD± 
/f!.VIO) 
VDD = 4.6 to 16 V 
110 
dB 


IDD 
Supply current per amplilier 
Vo = 2.5 V, 
No load 
1 
mA 


NOTE 4: 
Typical values are based on the input offset voltage shift observed through 166 hours 01operating lile test at TA = 150°C ex1rapolated 
to TA = 25°C using the Arrhenius equation and assuming an activation energy 010.96 eV. 


TLC2201Y 
PARAMETER 
TEST CONDITIONS 
MIN 
TYP 
MAX 
UNIT 


SR 
Positive slew rate at unity gain 
Vo = ±0.5 to 2.5 V, 
RL=10kQ, 
CL = 100 pF 
2.5 
V/~s 


1= 10 Hz 
16 
nV/VHZ 
Vn 
Equivalent input noise voltage 
1= 1 kHz 
6 


Peak-to-peak 
equivalent input noise 
1=0.1 
to 1 Hz 
0.5 
VN(PP) 
voltage 
1=0.1 
t010Hz 
0.7 
~V 


In 
Equivalent input noise current 
0.6 
pA/VHZ 


Gain-bandwidth 
product 
1= 10 kHz, 
RL= 
10 kQ, 
CL = 100 pF 
1.6 
MHz 


$m 
Phase margin at unity gain 
RL= 
10kQ, 
CL = 100 pF 
46° 
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TLC2202Y 
PARAMETER 
TEST CONDITIONS 
UNIT 
MIN 
TYP 
MAX 


Via 
Input offset voltage 
100 
~V 


Input offset voltage long-term drift (see Note 4) 
0.001 
~V/mo 


110 
Input offset current 
VIC=O, 
RS=50Q 


0.5 
pA 


liB 
Input bias current 
1 
pA 


VOH 
Maximum high-level output voltage 
RL = 10 kQ 
4.8 
V 


VOL 
Maximum low-level output voltage 
10=0 
0 
mV 


VO=1 
Vt04V, 
RL= 500Q 
315 
AVO 
Large-signal 
differential voltage amplilication 
V/mV 
VO=1 
Vt04V, 
RL= 
10Q 
55 


CMRR 
Common-mode 
rejection ratio 
Va = 0, VICRmin, 
RS =50Q 
110 
dB 


kSVR 
Supply-voltage 
rejection ratio (AVOCCltNIO) 
VOO = 4.6 to 16 V 
110 
dB 


100 
Supply current 
VO=2.5V, 
No load 
1.7 
mA 


NOTE 4: 
Typical values are based on the input offset voltage shift observed through 168 hours of operating lile test at TA = 150°C extrapolated 
to TA = 25°C using the Arrhenius equation and assuming an activation energy of 0.96 eV. 


TLC2202Y 
PARAMETER 
TEST CONDITIONS 
UNIT 
MIN 
TYP 
MAX 


SR 
Positive slew rate at unity gain 
Va = 0.5 V to 2.5 V, 
RL=10kQ, 
2.5 
V/~s 
CL = 100 pF 


1= 10 Hz 
18 
Vn 
Equivalent input noise voltage 
1= 10 kHz 
nV/'I'HZ 
8 


1=0.1 
to 1 Hz 
0.5 
VN(PP) 
Peak-to-peak 
equivalent 
input noise voltage 
f= 0.1 to 10 Hz 
0.7 
~V 


In 
Equivalent input noise current 
0.6 
pAl'I'HZ 


B1 
Gain-bandwidth 
product 
1= 10 kHz, 
RL=10kQ, 
1.9 
MHz 
CL = 100 pF 


~m 
Phase margin at unity gain 
RL= 
10 kQ, 
CL = 100 pF 
4]0 
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VOO_/GNO 
200 
200 


NOTE A: CL includes fixture capacitance. 


Figure 
2. Phase-Margin 
Test Circuit 


typical values 


Typical values presented 
in this data sheet represent 
the median 
(50% point) of device parametric 
performance. 


input bias and offset current 


At the picoamp 
bias current 
level of the TLC220x, 
TLC220xA, 
and TLC220xB, 
accurate 
measurement 
of the 
bias current 
becomes 
difficult. 
Not only does this measurement 
require a picoammeter, 
but test socket leakages 
can easily 
exceed 
the actual device 
bias currents. 
To measure 
these 
small currents, 
Texas Instruments 
uses 
a two-step 
process. 
The socket 
leakage 
is measured 
using picoammeters 
with 
bias voltages 
applied 
but with 
no device 
in the socket. 
The device 
is then inserted 
in the socket, 
and a second 
test measuring 
both the socket 


leakage 
and 
the 
device 
input 
bias 
current 
is performed. 
The 
two 
measurements 
are 
then 
subtracted 
algebraically 
to determine 
the bias current 
of the device. 


Texas Instruments 
offers automated 
production 
noise testing to meet individual 
application 
requirements. 
Noise 
voltage 
at f = 10Hz 
and f = 1 kHz is 100% tested 
on every 
TLC2201 
B device, 
while 
lot sample 
testing 
is 
performed 
on the TLC220xA. 
For other noise requirements, 
please 
contact 
the factory. 
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FIGURE 


Via 
Input offset voltage 
Distribution 
5,6 


liB 
Input bias current 
vs Common-mode 
input voltage 
7 
vs Free-air temperature 
8 


VOM 
Maximum peak output voltage 
vs Output current 
9 
vs Free-airtemperature 
10 


VO(PPl 
Maximum peak-to-peak 
output voltage 
vs Frequency 
11 


vs Frequency 
12 


VOH 
High-level output voltage 
vs High-level output current 
13 
vs Free-airtemperature 
14 


VOL 
Low-level output voltage 
vs Low-level output current 
15 
vs Free-air temperature 
16 


AVD 
Large-signal differential voltage amplification 
vs Frequency 
17 
vs Free-air temperature 
18 


10S 
Short-circuit 
output current 
vs Supply voltage 
19 
vs Free-air temperature 
20 


CMRR 
Common-mode 
rejection ratio 
vs Frequency 
21 


IDD 
Supply current 
vs Supply voltage 
22 
vs Free-air temperature 
23,24 


Pulse response 
Small signal 
25,26 
Large signal 
27,28 


SR 
Slew rate 
vs Supply voltage 
29 
vs Free-air temperature 
30 


Noise voltage (referred to input) 
0.1 to 1 Hz 
31 
0.1t010Hz 
32 


Gain-bandwidth 
product 
vs Supply voltage 
33,34 
vs Free-air temperature 
35 


4Jm 
Phase margin 
vs Supply voltage 
36,37 
vs Free-air temperature 
38,39 


Phase shift 
vs Frequency 
17 
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DISTRIBUTION OF TLC2201 
INPUT OFFSET VOLTAGE 


TLC2202 
DISTRIBUTION OF 
INPUT OFFSET VOLTAGE 


408 Units Tested From 2 Wafer Lots 
VOO±=±5V 
TA = 25°C 
16 
P Package 


1726 Amplifiers 
Tested From 1 Wafer Lot 


VOO±=±15V 
TA = 25°C 
P Package 


-300 
-100 
100 
300 


VIO - Input Offset Voltage - l!V 


INPUT BIAS CURRENT 
vs 
COMMON-MODE 
INPUT VOLTAGE 


VOO±=±5V 
TA = 25°C 


1/ 


-10 
-5 
-4 
-3 
-2 
-1 
0 
2 
3 
4 
5 


VIC - Common-Mode 
Input Voltage - V 


o 
-1000 
-600 
-200 
200 
600 


VIO - Input Offset Voltage -l!V 


INPUT BIAS CURRENn 
vs 
FREE-AIR TEMPERATURE 


VOO± = ±5 V 
VO=O 
250 
VIC=O 


45 
65 
85 
105 


TA - Free-Air Temperature - °c 
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MAXIMUM PEAK OUTPUT VOLTAGE 
vs 
OUTPUT CURRENT 
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1101 - Output Current - mA 


Figure 9 


MAXIMUM PEAK-TO-PEAK 
OUTPUT VOLTAGEt 
vs 
FREQUENCY 


1\l~A=-550C 


TA=125!~ 
\ 
\ 


~ J\ 


VOO±=±5V 
...•.••.~ 


RL=10kn 
I 
I 


30k 
100k 
300k 


f - Frequency - Hz 


Figure 11 
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MAXIMUM PEAK OUTPUT VOLTAGEt 
vs 
FREE-AIR TEMPERATURE 


VOM+ 


VOO±=±5V 
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latch-up 
avoidance 


Because CMOS devices are susceptible to latch-up due to their inherent parasitic thyristors, the TLC220x, 
TLC220xA, and TLC220xB inputs and outputs are designed to withstand -1 OO-r:nAsurge currents without 
sustaining latch-up; however, techniques reducing the chance of latch-up should be used whenever possible. 
Internal protection diodes should not be forward biased in normal operation. Applied input and output voltages 
should not exceed the supply voltage by more than 300 mV. Care should be exercised when using capacitive 
coupling on pulse generators. Supply transients should be shunted by the use of decoupling capacitors 
(0.1 /olFtypical) located across the supply rails as close to the device as possible. 


electrostatic 
discharge 
protection 


These devices use internal ESD-protection circuits that prevent functional failures at voltages at or below 
2000 V. Care should be exercised in handling these devices as exposure to ESD may result in degradation of 
the device parametric performance. 


macromodel 
information 


Macromodel information provided was derived using Microsim Parts™, the model generation software used 
with Microsim PSpice™. The Boyle macromodel (see Note 5) and subcircuit in Figure 40 were generated using 
the TLC220x typical electrical and operating characteristics at 25°C. Using this information, output simulations 
of the following key parameters can be generated to a tolerance of 20% (in most cases): 


• 
Maximum positive output voltage swing 
• 
Unity-gain frequency 
• 
Maximum negative output voltage swing 
• 
Common-mode rejection ratio 
• 
Slew rate 
• 
Phase margin 
• 
Quiescent power dissipation 
• 
DC output resistance 
• 
Input bias current 
• 
AC output resistance 
• 
Open-loop voltage amplification 
• 
Short-circuit output current limit 


NOTE 5: 
G. R. Boyle, B. M. Cohn. D. O. Pederson, and J. E. Solomon, "Macromodeling 
of Integrated Circuit Operational Amplifiers", IEEE Journal 
of Solid-State 
Circuits, SC-9, 353 (1974). 
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The TLC225x amplifiers, exhibiting high input 
impedance 
and 
low noise, 
are excellent 
for 
small-signal 
conditioning 
for 
high-impedance 
sources, 
such 
as 
piezoelectric 
transducers. 
Because of the micropower dissipation levels, 
these devices work well in hand-held monitoring 
and remote-sensing applications. In addition, the 
rail-to-rail output feature with single or split supplies makes this family a great choice when interfacing with 
analog-to-digital converters (ADCs). For precision applications, the TLC225xA family is available and has a 
maximum input offset voltage of 850 IlV. This family is fully characterized at 5 V and ±5 V. 


The TLC2252/4 also makes great upgrades to the TLC27L2/L4 or TS27L2/L4 in standard designs. They offer 
increased output dynamic range, lower noise voltage and lower input offset voltage. This enhanced feature set 
allows them to be used in a wider range of applications. For applications that require higher output drive and 
wider input voltage ranges, see the TLV2432 and TLV2442 devices. If the design requires single amplifiers, 
please see the TLV2211/21/31 family. These devices are single rail-to-rail operational amplifiers in the SOT-23 
package. Their small size and low power consumption, make them ideal for high density, battery-powered 
equipment. 


• 
Output Swing includes 
Both Supply Rails 


• 
Low Noise ... 
19 nV/,!Hi Typ at f = 1 kHz 


• 
Low Input Bias Current ... 
1 pA Typ 


• 
Fully Specified for Both Single-Supply 
and 
Split-Supply 
Operation 


• 
Very Low Power ... 
35 IlA Per Channel Typ 


description 


The 
TLC2252 
and 
TLC2254 
are 
dual 
and 
quadruple 
operational 
amplifiers 
from 
Texas 
Instruments. 
Both 
devices 
exhibit 
rail-to-rail 
output performance for increased dynamic range 
in 
single- 
or 
split-supply 
applications. 
The 
TLC225x family consumes only 35 IlA of supply 
current per channel. This micropower operation 
makes them good choices for battery-powered 
applications. The noise performance has been 
dramatically improved over previous generations 
of CMOS amplifiers. Looking at Figure 1, the 
TLC225x has a noise level of 19 nV/-vHZat 1kHz; 
four times lower than competitive micropower 
solutions. 


PRODUCTION 
DATA 
information 
is current 
as of 
publication 
date. 


Products 
conform 
to specifications 
per the terms 
of Texas Instruments 
standard 
warranty. 
Production 
processing 
does 
not necessarily 
include 
testing of all parameters. 


• 
Common-Mode 
Input Voltage Range 
Includes Negative Rail 


• 
Low Input Offset Voltage 
850 IlV Max at TA = 25°C (TLC225xA) 


• 
Macromodel 
Included 
• 
Performance 
Upgrades for the TS27L2/L4 
and TLC27L2/L4 
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PACKAGED 
DEVICES 


Vlomax 
CHIP 


TA 
SMALL 
CHIP 
CERAMIC 
PLASTIC 
TSSOP* 
CERAMIC 
FORM§ 
AT 25°C 
OUTLINEt 
CARRIER 
DIP 
DIP 
FLATPACK 


(D) 
(FK) 
(JG) 
(P) 
(PW) 
(U) 
(V) 


DoCto 
1500 ~V 
TLC2252CD 
TLC2252CP 
TLC2252CPWLE 
70°C 
- 
- 
- 


-40°C 
to 
850 ~V 
TLC2252AID 
- 
- 
TLC2252AIP 
TLC2252AIPWLE 
- 
TLC2252Y 
85°C 
1500 ~V 
TLC22521D 
- 
- 
TLC22521P 
- 
- 


-55°C 
to 
850 ~V 
- 
TLC2252AMFK 
TLC2252AMJG 
- 
- 
TLC2252AMU 
125°C 
1500~V 
- 
TLC2252MFK 
TLC2252MJG 
- 
- 
TLC2252MU 


tThe 
0 packages are available taped and reeled. Add R suffix to device type (e.g., TLC2262CDR). 


:j: The PW package is avaiiable only left-ended taped and reeled. 
§ Chip forms are tested at 25°C only. 


PACKAGED DEVICES 


Vlomax 
CHIP 


TA 
SMALL 
CHIP 
CERAMIC 
PLASTIC 
TSSOP* 
CERAMIC 
FORM§ 
AT 25°C 
OUTLINEt 
CARRIER 
DIP 
DIP 
FLATPACK 


(D) 
(FK) 
(J) 
(N) 
(PW) 
(W) 
(V) 


O°Cto 
1500~V 
TLC2254CD 
TLC2254CN 
TLC2254CPWLE 
TLC2254Y 
70°C 
- 
- 
- 


-40°C 
to 
850 ~V 
TLC2254AID 
- 
- 
TLC2254AIN 
TLC2254AI PWLE 
- 
- 
125°C 
1500 ~V 
TLC22541D 
- 
- 
TLC22541N 
- 
- 


-55°C 
to 
850 ~V 
- 
TLC2254AMFK 
TLC2254AMJ 
- 
- 
TLC2254AMW 
125°C 
1500 ~V 
TLC2254MFK 
TLC2254MJ 
- 
- 
- 
- 
TLC2254MW 


t The 0 packages are available taped and reeled. Add R suffix to the device type (e.g., TLC2254CDR). 
:j: The PW package is available only left-end taped and reeled. Chips are tested at 25°C. 
§ Chip forms are tested at 25°C only. 
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TLC2252C, 
TLC2252AC 
TLC22521, TLC2252AI 
D, P, OR PW PACKAGE 
(TOP VIEW) 


10UTu 


8 
Voo+ 
11N- 
2 
7 
20UT 
11N+ 
3 
6 
21N- 
Voo_/GND 
4 
5 
21N+ 


TLC2252M, 
TLC2252AM 
... 
FK PACKAGE 
(TOP VIEW) 


I- 
+ 


::::> 
0 
~ 2 ~ ~~ 


NC 
11N- 


NC 
11N+ 
NC 


3 
2 
1 
20 19 
4 
18 


5 
17 


6 
16 


7 
15 


8 
14 
9 
10 11 12 13 


NC 
20UT 
NC 
21N- 


NC 


TLC2252M, 
TLC2252AM 
... 
JG PACKAGE 
(TOP VIEW) 


10UTu 


8 
Voo+ 
11N- 
2 
7 
20UT 
11N+ 
3 
6 
21N- 
Voo_/GND 
4 
5 
21N+ 


000+0 
zzzzz 
Cl 
(\j 
~ 
~ 


TLC2262M, 
TLC2252AM 
... 
U PACKAGE 


(TOP VIEW) 


NC 
10UT 
11N- 
11N+ 
Vcc_/GND 


.1 
10 


2 
9 
3 
8 


4 
7 


5 
6 


NC 
Vcc+ 
20UT 
21N- 
21N+ 


TLC2254C, 
TLC2254AC 
TLC22541, TLC2254AI 
TLC2254M, 
TLC2254AM 
D, N, OR PW PACKAGE 
J OR W PACKAGE 


(TOP VIEW) 
(TOP VIEW) 


10UT 
1 U 14 
40UT 
10UT 
1 U 14 
40UT 
11N- 
2 
13 
41N- 
11N- 
2 
13 
41N- 
11N+ 


11N+ 
3 
12 
41N+ 
11N+ 
3 
12 
41N+ 
NC 


Voo+ 
4 
11 
Voo_/GND 
Voo+ 
4 
11 
Voo_/GND 
VCC+ 


21N+ 
5 
10 
31N+ 
21N+ 
5 
10 
31N+ 
NC 


21N- 
6 
9 
31N- 
21N- 
6 
9 
31N- 
21N+ 


20UT 
7 
8 
30UT 
20UT 
7 
8 
30UT 


TLC2254M, 
TLC2254AM 
FKPACKAGE 


(TOP VIEW) 
II- 
I- 
I 
~606Z 
~~Z'<t:;:r 


3 
2 
1 
2019 
4 
18 


5 
17 


6 
16 


7 
15 


8 
14 
9 
10 11 1213 


41N+ 
NC 
Vcc_/GND 
NC 
31N+ 


11-01- 
I 
z::::>z::::>z 
-0 
0- 
C\lC\l 
C'"lC'"l 
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TLC2252Y chip information 


This chip, when properly assembled, displays characteristics similar to the TLC2252C. Thermal compression 
or ultrasonic bonding may be used on the doped-aluminum bonding pads. This chip may be mounted with 
conductive epoxy or a gold-silicon preform. 


11N+ 
(3) 


(2) 
10UT 
11N- 


21N+ 
20UT 
(6) 
21N- 


CHIP THICKNESS: 
15 MilS 
TYPICAL 


BONDING 
PADS: 4 x 4 MilS 
MINIMUM 


TJmax = 150°C 


TOLERANCES 
ARE ±10%. 


All 
DIMENSIONS 
ARE IN MilS. 


TERMINAL 
(4) IS INTERNAllY 
CONNECTED 
TO BACKSIDE 
OF CHIP. 
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TLC2254Y chip information 


This chip, when properly assembled, displays characteristics similar to the TLC2254C. Thermal compression 
or ultrasonic bonding may be used on the doped-aluminum bonding pads. The chip may be mounted with 
conductive epoxy or a gold-silicon preform. 


CHIP THICKNESS: 
15 MILS TYPICAL 


BONDING 
PADS: 4 x 4 MILS MINIMUM 


TJmax = 150°C 


TOLERANCES 
ARE ±100/0. 


ALL DIMENSIONS 
ARE IN MILS. 


PIN (11) IS INTERNALLY 
CONNECTED 
TO BACKSIDE 
OF THE CHIP. 
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c.o 
Iequivalent schematic (each amplifier) 
c\, 


'" 
(J) 
VOO+ 
If!?<:J>-t 
omc. ••.•. 
~::D< 0 


Q3 


Ol-<D) N 


Q61 


I •••••::sN 


I Q9 
Q12 I 
r:lO~~ 


I 
Q14 
Q161 
"'=ec.- 
I~ •••.•. j=! 
Jl"'O_. 
-<O::s0 
"'=eO N 
~ s::N 


IN+ 


mO'" 


I 
I 


::Den~ 


I 
R6 > 


o ~- 


II 
1 
I 
I 
"'O::D-t 


.. 
~ 
e'J 
L~ 


m:J>h 


0 
~I 


OUT 
::D-N 


'" 


!fr;-N 


...•~- 


R5 
_-t'" 


~~~ 


Q4 


00>< 
z·-< 
:J>::D 
.....~ 


8:~rr;I 
am" :TI 


:J>••.•. 


~~ 


s:: 


~lTl~ 


"'0 
c: 


~~ 


~~ 


:!! 
m 
::D 


~ 
I 
I 
< R3 


en 


'" 


R4< 
I 


~ 


I 
I 
I 
R1 ;:> 
;:> R2 


I 
VOO-/GNO 


ACTUAL 
OEVICE COMPONENT 
COUNTt 


COMPONENT 
TLC2252 
TLC2254 


Transistors 
38 
76 


Resistors 
30 
56 


Diodes 
9 
18 


Capacitors 
3 
6 
t Includes both amplifiers and all ESD, bias, and trim 
circuitry 
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 


Supply voltage, Voo+ (see Note 1) 
8 V 
Supply voltage, Voo- 
(see Note 1) 
-8 V 
Differential input voltage, VIO (see Note 2) 
±16 V 
Input voltage, VI (any input, see Note 1) 
±8 V 
Input current, II (each input) 
±5 mA 
Output current, 10 .................•..................................................... 
±50 mA 
Total current into Voo+ 
±50 mA 
Total current out of Voo- 
±50 mA 
Duration of short-circuit current at (or below) 25°C (see Note 3) 
unlimited 
Continuous total dissipation 
See Dissipation Rating Table 
Operating free-air temperature range, TA: C suffix 
O°Cto 70°C 
I suffix 
-40°C to 85°C 
M suffix 
-55°C to 125°C 
Storage temperature range, Tstg 
-65°C to 150°C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds 
260°C 


t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions 
beyond those indicated under "recommended 
operating conditions" 
is not 
implied. Exposure to absolute-maximum-rated 
conditions for extended periods may affect device reliability. 


NOTES: 
1. 
All voltage values, except differential voltages, are with respect to the midpoint between YOO+ and Yoo-. 


2. 
Oifferential voltages are at IN+ with respect to IN-. 
Excessive current flows when input is brought below YOO- 
- 0.3 Y. 
3. 
The output may be shorted to either supply. Temperature 
and/or supply voltages must be limited to ensure that the maximum 
dissipation rating is not exceeded. 


PACKAGE 
TA $ 25°C 
DERATING FACTOR 
TA = 70°C 
TA = 85°C 
TA = 125°C 
POWER RATING 
ABOYE TA = 25°C 
POWER RATING 
POWER RATING 
POWER RATING 


0-8 
724mW 
5.8 mW/oC 
464mW 
377mW 
- 


0-14 
950 mW 
7.6 mW/oC 
608mW 
450mW 
- 


FK 
1375mW 
11.0mW/oC 
880mW 
715mW 
275mW 


J 
1375 mW 
11.0 mW/oC 
880mW 
715mW 
275mW 


JG 
1050mW 
8.4 mW/oC 
672mW 
546mW 
275mW 


N 
1150mW 
9.2 mW/oC 
736mW 
736mW 
- 


P 
1000mW 
8.0mW/oC 
640mW 
520mW 
- 


PW-8 
525mW 
4.2mWrC 
336mW 
273mW 
- 


PW-14 
700mW 
5.6mW/oC 
448mW 
448mW 
- 


U 
700mW 
5.5mW/oC 
246mW 
330mW 
150mW 


W 
700mW 
5.5mW/oC 
246mW 
330mW 
150mW 


C SUFFIX 
I SUFFIX 
M SUFFIX 
UNIT 
MIN 
MAX 
MIN 
MAX 
MIN 
MAX 


Supply voltage, YOO+ 
±2.2 
±8 
±2.2 
±8 
±2.2 
±8 
Y 


Input voltage range, YI 
VOO- 
YOO+-1.5 
YOO- 
YOO+-1.5 
YOO- 
VOO+-1.5 
Y 


Common-mode 
input voltage, YIC 
Yoo- 
YOO+-1.5 
Yoo- 
YOO+-1.5 
Yoo- 
YOO+-1.5 
Y 


Operating free-air temperature, 
TA 
0 
70 
-40 
85 
-55 
125 
°c 
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TLC2252C 
PARAMETER 
TEST CONDITIONS 
TAt 
UNIT 


MIN 
TYP 
MAX 


25°C 
200 
1500 
VIO 
Input offset voltage 


Full range 
1750 
!lV 


Temperature coefficient of input offset voltage 
25°C 
0.5 
!lV/DC 
lIVIO 
to 70°C 


Input offset voltage long-term drift (see Note 4) 
VIC=O, 
VDD± = ±2.5 V, 
25°C 
0.003 
!lV/mo 


VO=O, 
RS =50Q 
25°C 
0.5 


110 
Input offset current 


Full range 
100 
pA 


25°C 
1 
liB 
Input bias current 


Full range 
100 
pA 


0 
-0.3 
25°C 
to 
to 
4 
4.2 
VICR 
Common-mode 
input voltage range 
RS =50 Q, 
IVIO 1,,5 
mV 
V 
0 


Full range 
to 
3.5 


10H =-20!lA 
25°C 
4.98 


25°C 
4.9 
4.94 
VOH 
High-level output voltage 
10H = -75!1A 
V 


Full range 
4.8 


10H =-150!lA 
25°C 
4.8 
4.88 


VIC =2.5 V, 
10L= 
50!lA 
25°C 
0.01 


25°C 
0.09 
0.15 
VIC =2.5 V, 
10L = 500!1A 


Full range 
0.15 


VOL 
Low-level output voltage 
25°C 
0.2 
0.3 
V 
VIC =2.5 V, 
10L= 
1 mA 


Full range 
0.3 


25°C 
0.7 
1 
Vlc=2.5 
V, 
10L= 
4 mA 
Full range 
1.2 


RL = 100 kQ+ 
25°C 
100 
350 


AVD 
Large-signal 
differential voltage amplification 
VIC=2.5 
V, 
Full range 
10 
V/mV 
VO=1Vt04V 


RL= 
1 MQ:!: 
25°C 
1700 


rid 
Differential input resistance 
25°C 
1012 
Q 


rjc 
Common-mode 
input resistance 
25°C 
1012 
Q 


cic 
Common-mode 
input capacitance 
f = 10 kHz, 
P package 
25°C 
8 
pF 


zo 
Ciosed-Ioop output impedance 
f = 25 kHz, 
AV= 
10 
25°C 
200 
Q 


VIC = 0 to 2.7 V, 
VO=2.5V, 
25°C 
70 
83 
CMRR 
Common-mode 
rejection ratio 
dB 
RS =50 Q 
Full range 
70 


VDD= 
4.4Vt016V, 
25°C 
80 
95 
kSVR 
Supply-voltage 
rejection ratio (~VDoI~VIO) 
dB 
VIC=VDD/2, 
No load 
Full range 
80 


25°C 
70 
125 
IDD 
Supply current 
VO=2.5V, 
No load 
!lA' 


Full range 
150 
t Full range is O°C to 70°C. 
:!:Referenced to 2.5 V 
NOTE 4: 
Typical values are based on the input offset voltage shift observed through 500 hours of operating life test at TA = 150°C extrapolated 
to TA = 25°C using the Arrhenius equation and assuming an activation energy of 0.96 eV. 
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TLC2252C 
PARAMETER 
TEST CONDITIONS 
TAt 
UNIT 
MIN 
TYP 
MAX 


25°C 
0.07 
0.12 


SR 
Slew rate at unity gain 
Vo = 1.5 V to 3.5 V, RL = 100 kQ:j:, 
Full 
V/IlS 
CL = 100 pF:j: 
0.05 
range 


1= 10 Hz 
25°C 
36 
Vn 
Equivalent input noise voltage 
f = 1 kHz 
25°C 
nV/YHZ 
19 


f = 0.1 Hz to 1 Hz 
25°C 
0.7 
VN(PP) 
Peak-to-peak 
equivalent 
input noise voltage 
1=0.1 
Hzto 
10Hz 
25°C 
1.1 
IlV 


In 
Equivalent input noise current 
25°C 
0.6 
fAYHZ 


Vo = 0.5 V to 2.5 V, 
AV= 
1 
0.2% 


THD + N 
Total harmonic distortion plus noise 
1= 10 kHz, 
25°C 
RL = 50 kQ:j: 
AV= 
10 
1% 


Gain-bandwidth 
product 
1= 10 kHz, 
RL = 50 kQ+, 
25°C 
0.2 
MHz 
CL = 100 pF+ 


SOM 
Maximum output-swing 
bandwidth 
VO(PP) =2 V, 
AV= 
1, 
25°C 
30 
kHz 
RL = 50 kQ:j:, 
CL = 100 pF:j: 


<l>m 
Phase margin at unity gain 
RL = 50 kQ+, 
CL = 100 pF+ 
25°C 
63° 


Gain margin 
25°C 
15 
dS 
t Full range is O°C to 70°C. 
:j:Referenced to 2.5 V 
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electrical 
characteristics 
at specified 
free-air 
temperature, 
Voo± 
= ±5 
V (unless 
otherwise 
specified) 


TLC2252C 
PARAMETER 
TEST CONDITIONS 
TAt 
UNIT 
MIN 
TYP 
MAX 


25°C 
200 
1500 
VIO 
Input offset voltage 
Full range 
1750 
llV 


Temperature coefficient of input offset voltage 
25°C 
0.5 
llV/oC 
aVIO 
to 70°C 


Input offset voltage long-term drift (see Note 4) 
V'C=O, 
VO=O, 
25°C 
0.003 
llV/mo 
RS=50n 
25°C 
0.5 
110 
Input offset current 
Full range 
100 
pA 


25°C 
1 
lIB 
Input bias current 
Full range 
100 
pA 


-5 
-5.3 
25°C 
to 
to 
4 
4.2 
VICR 
Common-mode 
input voltage range 
IVI01,,5mV, 
RS =50n 
V 
-5 
Full range 
to 
3.5 


10 = -20!1A 
25°C 
4.98 


25°C 
4.9 
4.93 
VOM+ 
Maximum positive peak output voltage 
10=-1OO11A 
V 
Full range 
4.7 


10=-2OO11A 
25°C 
4.8 
4.86 


VIC=O, 
10 = 50!1A 
25°C 
-4.99 


25°C 
-4.85 
-4.91 
VIC=O, 
10 = 500!1A 
Full range 
-4.85 


VOM- 
Maximum negative peak output voltage 
25°C 
-4.7 
-4.8 
V 
VIC=O, 
10= 
1 mA 
Full range 
-4.7 


25°C 
-4 
-4.3 
V'C=O, 
10= 
4mA 
Full range 
-3.8 


25°C 
45 
650 


AVD 
Large-signal 
differential voltage amplification 
Vo = ±4 V 
RL = 100 kQ 
Full range 
10 
V/mV 


RL= 1 Mn 
25°C 
3000 


r;d 
Differential input resistance 
25°C 
1012 
n 


rjc 
Common-mode 
input resistance 
25°C 
1012 
n 


cic 
Common-mode 
input capacitance 
f = 10 kHz, 
P package 
25°C 
8 
pF 


Zo 
Closed-loop 
output impedance 
f = 25 kHz, 
AV= 
10 
25°C 
190 
n 


VIC = -5 
V to 2.7 V, 
25°C 
75 
88 
CMRR 
Common-mode 
rejection ratio 
dB 
VO=O, 
RS =50n 
Full range 
75 


VDD± = 2.2 V to ±8 V, 
25°C 
80 
95 
kSVR 
Supply-voltage 
rejection ratio (6VDD± /6VI0) 
VIC = 0, 
I No load 
dB 
Full range 
80 


25°C 
80 
125 
IDD 
Supply current 
VO=O, 
No load 
!1A 
Full range 
150 
t Full range is O°C to 70°C. 
NOTE 4: 
Typical values are based on the Input offset voltage shift observed through 500 hours of operating life test at TA = 150°C extrapolated 
to TA = 25°C using the Arrhenius equation and assuming an activation energy of 0.96 eV. 
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TLC2252C 
PARAMETER 
TEST CONDITIONS 
TAt 
UNIT 
MIN 
TYP 
MAX 


25°C 
0.07 
0.12 


SR 
Slew rate at unity gain 
VO=±1.9V, 
RL = 100 kn, 


Full 
V/IlS 
CL=100pF 
0.05 
range 


f= 10 Hz 
25°C 
38 
Vn 
Equivalent input noise voltage 
f = 1 kHz 
25°C 
nV/..JHZ 
19 


f = 0.1 Hz to 1 Hz 
25°C 
0.8 
VN(PP) 
Peak-to-peak 
equivalent input noise voltage 
f = 0.1 Hz to 10 Hz 
25°C 
1.1 
IlV 


In 
Equivalent input noise current 
25°C 
0.6 
fA..JHZ 


VO=±2.3V, 
IAv= 
1 
0.2% 
THD+ 
N 
Total harmonic distortion pulse duration 
f = 10 kHz, 


IAv= 
10 
25°C 
RL = 50 k.Q 
10/0 


Gain-bandwidth 
product 
f = 10 kHz, 
RL = 50 kQ, 
25°C 
0.21 
MHz 
CL=100pF 


BOM 
Maximum output-swing 
bandwidth 
VO(PP) = 4.6 V, 
AV= 
1, 
25°C 
14 
kHz 
RL = 50 kn, 
CL = 100 pF 


4>m 
Phase margin at unity gain 
25°C 
63° 


Gain margin 
RL = 50 kQ, 
CL = 100 pF 
25°C 
15 
dB 
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TLC2254C 
PARAMETER 
TEST CONDITIONS 
TAt 
UNIT 
MIN 
TYP 
MAX 


25°C 
200 
1500 
VIO 
Input offset voltage 
Full range 
1750 
l!V 


Temperature coefficient of input offset voltage 
25°C 
0.5 
l!V/oC 
(lVIO 
to 70°C 


Input offset voltage long-term drift (see Note 4) 
VIC=O, 
VOO± = ±2.5 V, 
25°C 
0.003 
l!V/mo 
VO=O, 
RS=500 
25°C 
0.5 
110 
Input offset current 
Full range 
100 
pA 


25°C 
1 
liB 
Input bias current 
Full range 
100 
pA 


0 
-0.3 
25°C 
to 
to 
4 
4.2 
VICR 
Common-mode 
input voltage range 
RS = 500, 
IV101';;5mV 
V 
0 
Full range 
to 
3.5 


10H =-20l!A 
25°C 
4.98 


25°C 
4.9 
4.94 
VOH 
High-level output voltage 
10H = -75l!A 
V 
Full range 
4.8 


10H =-150l!A 
25°C 
4.8 
4.88 


VIC =2.5V, 
10L = 50 l!A 
25°C 
0.01 


25°C 
0.09 
0.15 
VIC =2.5 V, 
10L = 500 l!A 
Full range 
0.15 


VOL 
Low-level output voltage 
25°C 
0.2 
0.3 
V 
VIC=2.5V, 
10L= 1 mA 
Full range 
0.3 


25°C 
0.7 
1 
VIC=2.5V, 
10L = 4 mA 
Full range 
1.2 


RL = 100 k.Q+ 
25°C 
100 
350 


AVO 
Large-signal differential voltage amplification 
VIC=2.5V, 
Full range 
10 
V/mV 
VO=1Vt04V 
RL= 
1 Mot 
25°C 
1700 


ri(d) 
Oifferential input resistance 
25°C 
1012 
0 


fi(c) 
Common-mode 
input resistance 
25°C 
1012 
0 


Ci(c) 
Common-mode 
input capacitance 
f = 10 kHz, 
N package 
25°C 
8 
pF 


Zo 
Closed-loop 
output impedance 
f = 25 kHz, 
AV= 
10 
25°C 
200 
0 


CMRR 
VIC=Ot02.7V, 
VO=2.5V, 
25°C 
70 
83 
Common-mode 
rejection ratio 
dB 
RS =50 0 
Full range 
70 


kSVR 
Supply-voltage 
rejection ratio (AVOO/AVIO) 
VOO = 4.4 V to 16 V, 
25°C 
80 
95 
dB 
VIC=VOO/2, 
No load 
Full range 
80 


100 
Supply current (four amplifiers) 
25°C 
140 
250 
VO=2.5V, 
No load 
l!A 
Full range 
300 
t Full range is O°C to 70°C. 
t Referenced to 2.5 V 
NOTE 4: 
Typical values are based on the input offset voltage shift observed through 500 hours of operating life test at TA = 150°C extrapolated 
to TA = 25°C using the Arrhenius equation and assuming an activation energy of 0.96 eV. 
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TAt 
TLC2254C 
PARAMETER 
TEST CONDITIONS 
UNIT 
MIN 
TYP 
MAX 


VO= 
1.4 Vto 2.6 V 
RL= 
100 kilt, 
25°C 
0.07 
0.12 
SR 
Slew rate at unity gain 
V/IlS 
CL = 100 pF+ 
Full range 
0.05 


1= 10 Hz 
25°C 
36 
Vn 
Equivalent input noise voltage 
f = 1 kHz 
25°C 
nV/;'HZ 
19 


Peak-to-peak 
equivalent input noise 
1= 0.1 Hz to 1 Hz 
25°C 
0.7 
VN(PP) 
voltage 
1=0.1 
Hzto 
10 Hz 
25°C 
1.1 
IlV 


In 
Equivalent input noise current 
25°C 
0.6 
IA/;'HZ 


Va = 0.5 V to 2.5 V, 
Av= 
1 
0.2% 


THD + N 
Total harmonic distortion plus noise 
1= 10 kHz, 
25°C 
RL = 50 kil+ 
AV= 
10 
1 
% 


Gain-bandwidth 
product 
1= 10 kHz, 
RL = 50 kilt, 
25°C 
0.2 
MHz 
CL = 100 pF+ 


BOM 
Maximum output-swing 
bandwidth 
VO(PP) = 2 V, 
AV= 
1, 
25°C 
30 
kHz 
RL = 50 kil+, 
CL = 100 pF+ 


4Jm 
Phase margin at unity gain 
RL = 50 kil+, 
CL = 100 pF+ 
25°C 
63° 


Gain margin 
25°C 
15 
dB 
t Full range is O°C to 70°C. 
+ Relerenced 
to 2.5 V 
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electrical 
characteristics 
at specified 
free-air 
temperature, 
Voo± 
= ±5 
V (unless 
otherwise 
specified) 


TLC2254C 
PARAMETER 
TEST CONDITIONS 
TAt 
UNIT 
MIN 
TYP 
MAX 


25°C 
200 
1500 
VIO 
Input offset voltage 
Full range 
1750 
llV 


Temperature coefficient 01input offset voltage 
25°C 
0.5 
llV/oC 
exVIO 
to 70°C 


Input offset voltage long-term drift (see Note 4) 
VIC=O, 
VO=O, 
25°C 
0.003 
llV/mo 
RS=50n 
25°C 
0.5 
110 
Input offset current 
Full range 
100 
pA 


25°C 
1 
liB 
Input bias current 
Full range 
100 
pA 


-5 
-5.3 
25°C 
to 
to 
4 
4.2 
VICR 
Common-mode 
input voltage range 
IVI0155 
mY, 
RS =50 n 
V 
-5 
Full range 
to 
3.5 


10 = -20!1A 
25°C 
4.98 


25°C 
4.9 
4.93 
VOM+ 
Maximum positive peak output voltage 
10 = -100!1A 
V 
Full range 
4.7 


10 = -200!1A 
25°C 
4.8 
4.86 


VIC=O, 
10 = 50!1A 
25°C 
-4.99 


25°C 
-4.85 
-4.91 
VIC=O, 
10 = 500!1A 
Full range 
-4.85 


VOM- 
Maximum negative peak output voltage 
25°C 
-4.7 
-4.8 
V 
VIC=O, 
10=1 
mA 
Full range 
-4.7 


25°C 
-4 
-4.3 
VIC=O, 
10=4mA 
Full range 
-3.8 


25°C 
40 
150 


AVO 
Large-signal 
differential voltage amplilication 
Vo = ±4 V 
RL= 
100 kQ 
Full range 
10 
V/mV 


RL= 
1 Mn 
25°C 
3000 


r;(d) 
Differential input resistance 
25°C 
1012 
n 


r;(c) 
Common-mode 
input resistance 
25°C 
1012 
n 


Ci(cl 
Common-mode 
input capacitance 
1= 10 kHz, 
N package 
25°C 
8 
pF 


Zo 
Closed-loop output impedance 
1= 25 kHz, 
AV= 
10 
25°C 
190 
n 


VIC = -5 V to 2.7 V, 
25°C 
75 
88 
CMRR 
Common-mode 
rejection ratio 
dB 
VO=O, 
RS =50 n 
Full range 
75 


VDD± = ±2.2 V to ±8 V, 
25°C 
80 
95 
kSVR 
Supply-voltage 
rejection ratio (6VDD± /6VI0) 
dB 
VIC=O, 
No load 
Full range 
80 


IDD 
25°C 
160 
250 
Supply current.(lour 
amplifiers) 
VO=O, 
No load 
!1A 
Full range 
300 
t Full range is O°C to 70°C. 
NOTE 4: 
Typical values are based on the input offset voltage shift observed through 500 hours 01operating life test at TA = 150°C extrapolated 
to TA = 25°C using the Arrhenius equation and assuming an activation energy 010.96 eV. 


~TEXAS 
INSTRUMENTS 


TLC225x, TLC225xA,TLC225xY 
Advanced LinCMOSTM RAIL-TO-RAIL 


VERY LOW-POWER OPERATIONAL AMPLIFIERS 


SLOS176 
- FEBRUARY 
1997 


TLC2254C 
PARAMETER 
TEST CONDITIONS 
TAt 
UNIT 
MIN 
TYP 
MAX 


VO=±1.9V, 
RL = 100 kQ, 
25°C 
0.07 
0.12 
SR 
Slew rate at unity gain 
V/)lS 
CL = 100 pF 
Full range 
0.05 


f= 10 Hz 
25°C 
38 
nV/{Hz 
Vn 
Equivalent input noise voltage 


f = 1 kHz 
25°C 
19 


f = 0.1 Hz to 1 Hz 
25°C 
0.8 
VN(PP) 
Peak-to-peak 
equivalent input noise voltage 
f = 0.1 Hz to 10Hz 
25°C 
1.1 


)lV 


In 
Equivalent input noise current 
25°C 
0.6 
fA/{Hz 


Vo =±2.3 
V, 
IAV= 
1 
0.2% 


THO + N 
Total harmonic distortion plus noise 
f = 20 kHz, 


IAV= 
10 
25°C 
RL = 50 kQ 
10/0 


Gain-bandwidth 
product 
f = 10 kHz, 
RL = 50 kQ, 
25°C 
0.21 
MHz 
CL = 100 pF 


BOM 
Maximum output-swing 
bandwidth 
VO(PP) = 4.6 V, 
AV= 
1, 
25°C 
14 
kHz 
RL = 50 kQ, 
CL = 100 pF 


$m 
Phase margin at unity gain 
25°C 
63° 


Gain margin 


RL = 50 kQ, 
CL = 100 pF 


25°C 
15 
dB 
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TLC22521 
TLC2252AI 
PARAMETER 
TEST CONDITIONS 
TAt 
UNIT 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


25°C 
200 
1500 
200 
850 
VIO 
Input offset voltage 
Full range 
1750 
1000 
~V 


Temperature coefficient 
25°C 
0.5 
0.5 
~V/oC 
aVIO 
of input offset voltage 
to 85°C 


Input offset voltage 
VDD± = ±2.5 V, 
VO=O, 
long-term drift 
25°C 
0.003 
0.003 
~V/mo 
(see Note 4) 
VIC=O, 
Rs= 
son 


25°C 
0.5 
0.5 
110 
Input offset current 
Full range 
1000 
1000 
pA 


25°C 
1 
1 
liB 
Input bias current 
Full range 
1000 
1000 
pA 


0 
-0.3 
0 
-0.3 
25°C 
to 
to 
to 
to 


Common-mode 
input 
4 
4.2 
4 
4.2 
VICR 
voltage range 
RS = son, 
IVIO 1$5 mV 
V 
0 
0 
Full range 
to 
to 
3.5 
3.5 


IOH=-20~ 
25°C 
4.98 
4.98 


High-level output 
25°C 
4.9 
4.94 
4.9 
4.94 
VOH 
voltage 
10H =-75~ 
V 
Full range 
4.8 
4.8 


IOH=-150~ 
25°C 
4.8 
4.88 
4.8 
4.88 


VIC =2.5 
V, 
IOL=50~ 
25°C 
0.01 
0.01 


25°C 
0.09 
0.15 
0.09 
0.15 


VOL 
Low-level output 
VIC=2.5 
V, 
IOL=500~ 
Full range 
0.15 
0.15 
V 
voltage 
25°C 
0.8 
1 
0.7 
1 
VIC = 2.5 V, 
10L= 
4 mA 
Full range 
1.2 
1.2 


RL = 100 kQt 
25°C 
100 
350 
100 
350 


AVD 
Large-signal 
differential 
VIC=2.5 
V, 
Full range 
10 
10 
V/mV 
voltage amplification 
VO=1Vt04V 
RL= 
1 Mnt 
25°C 
1700 
1700 


rid 
Differential input 
25°C 
1012 
1012 
n 
resistance 


Common-mode 
25°C 
1012 
1012 
n 
rjc 
input resistance 


Common-mode 
f = 10 kHz, 
P package 
25°C 
8 
8 
pF 
cic 
input capacitance 


Zo 
Closed-loop 
f = 25 kHz, 
AV= 
10 
25°C 
200 
200 
n 
output impedance 


Common-mode 
VIC = 0 to 2.7 V, VO=2.5V, 
25°C 
70 
83 
70 
83 
CMRR 
dB 
rejection ratio 
RS = 50 n 
Full range 
70 
70 


Supply-voltage 
Voo 
= 4.4 Vto 
16 V, 
25°C 
80 
95 
80 
95 
kSVR 
rejection ratio 
VIC=VDD/2, 
No load 
dB 
(~VOO/~VIO) 
Full range 
80 
80 


100 
Supply current 
VO=2.5V, 
No load 
25°C 
70 
125 
70 
125 


Full range 
150 
150 
~ 
t Full range is - 40°C to 125°C. 
t Referenced to 2.5 V 
NOTE 4: 
Typical values are based on the input offset voltage shift observed through 500 hours of operating life test at TA = 150°C extrapolated 
to TA = 25°C using the Arrhenius equation and assuming an activation energy of 0.96 eV. 
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TAt 
TLC22521 
TLC2252AI 
PARAMETER 
TEST CONDITIONS 
UNIT 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


VO=1.5Vt03.5V, 
25°C 
0.07 
0.12 
0.07 
0.12 


SR 
Slew rate at unity 
RL= 100 kn:l:, 


VIliS 
gain 
CL = 100 pF:l: 
Full 
0.05 
0.05 
range 


Equivalent input 
f= 10 Hz 
25°C 
36 
36 
Vn 
nV/-JHZ 
noise voltage 
f= 
1 kHz 
25°C 
19 
19 


Peak-to-peak 
f = 0.1 Hz to 1 Hz 
25°C 
0.7 
0.7 
VN(PP) 
equivalent input 
flV 
noise voltage 
f = 0.1 Hz to 10Hz 
25°C 
1.1 
1.1 


In 
Equivalent input 
25°C 
0.6 
0.6 
fA-JHZ 
noise current 


Total harmonic 
Vo = 0.5 V to 2.5 V, I AV = 1 
0.2% 
0.2% 


THD+ 
N 
distortion plus 
f = 10 kHz, 
25°C 
noise 
RL=50kQ:l: 
IAV=10 
1% 
1% 


Gain-bandwidth 
f = 50 kHz, 
RL= 50kn:l:, 
25°C 
0.2 
0.2 
MHz 
product 
CL = 100 pF:l: 


BOM 
Maximum output- 
VO(PP) =2V, 
AV= 
1, 
25°C 
30 
30 
kHz 
swing bandwidth 
RL=50 
kn:l:, 
RL=50kn:l:, 


<l>m 
Phase margin at 
25°C 
63° 
63° 
unity gain 
RL = 50 kQ+, 
CL = 100 pF+ 


Gain margin 
25°C 
15 
15 
dB 
t Full range is - 40°C to 125°C. 
:l:Referenced to 2.5 V 
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TLC22521 
TLC2252AI 
PARAMETER 
TEST CONDITIONS 
TAt 
UNIT 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


25°C 
200 
1500 
200 
850 
VIO 
Input offset voltage 
Full range 
1750 
1000 
IlV 


Temperature coefficient 01 
25°C 
0.5 
0.5 
IlV/oC 
aVIO 
input offset voltage 
to 85°C 


Input offset voltage long- 
V'C=O, 
VO=O, 
25°C 
0.003 
0.003 
IlV/mo 
term drift (see Note 4) 
RS=500 


25°C 
0.5 
0.5 
110 
Input offset current 
Full range 
1000 
1000 
pA 


25°C 
1 
1 
liB 
Input bias current 
Full range 
1000 
1000 
pA 


-5 
-5.3 
-5 
-5.3 
25°C 
to 
to 
to 
to 


Common-mode 
input 
4 
4.2 
4 
4.2 
VICR 
RS= 500, 
IVIO 1,,5 mV 
V 
voltage range 
-5 
-5 
Full range 
to 
to 
3.5 
3.5 


10 = -20 
i1A 
25°C 
4.98 
4.98 


Maximum positive peak 
25°C 
4.9 
4.93 
4.9 
4.93 
VOM+ 
10 = -100 
i1A 
V 
output voltage 
Full range 
4.7 
4.7 


10 =-200 
i1A 
25°C 
4.8 
4.86 
4.8 
4.86 


VIC=O, 
10= 
50 IlA 
25°C 
-4.99 
-4.99 


25°C 
-4.85 
-4.91 
-4.85 
-4.91 


VOM- 
Maximum negative 
VIC=O, 
10 = 500 i1A 
Full range 
-4.85 
-4.85 
V 
peak output voltage 
25°C 
-4 
-4.3 
-4 
-4.3 
VIC=O, 
10= 
4mA 
Full range 
-3.8 
-3.8 


25°C 
40 
150 
40 
150 


AVO 
Large-signal 
differential 
Vo = ±4 V 
RL=50 
kQ 
Full range 
10 
10 
V/mV 
voltage amplification 
RL= 
1 MO 
25°C 
3000 
3000 


rjd 
Oifferential input 
25°C 
1012 
1012 
0 
resistance 


rjc 
Common-mode 
input 
25°C 
1012 
1012 
0 
resistance 


cic 
Common-mode 
input 
1=10kHz, 
P package 
25°C 
8 
8 
pF 
capacitance 


Zo 
Closed-loop 
output 
1= 25 kHz, 
AV= 
10 
25°C 
190 
190 
0 
impedance 


Common-mode 
VIC = -5 
V to 2.7 V, 
25°C 
75 
88 
75 
88 
CMRR 
dB 
rejection ratio 
VO=O, 
RS=50 
0 
Full range 
75 
75 


Supply-voltage 
rejection 
VOO= 
4.4Vt016V, 
25°C 
80 
95 
80 
95 
kSVR 
dB 
ratio (I:WOO± /t"vIO) 
VIC = VOO/2, No load 
Full range 
80 
80 


25°C 
80 
125 
80 
125 
100 
Supply cu rrent 
VO=2.5V, 
No load 
i1A 
Full range 
150 
150 
t Full range is - 40°C to 125°C. 
NOTE 4: 
Typical values are based on the input offset voltage shift observed through 500 hours 01operating lile test at TA = 150°C eX1rapolated 
to TA = 25°C using the Arrhenius equation and assuming an activation energy 010.96 eV. 
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TLC22521 
TLC2252AI 
PARAMETER 
TEST CONDITIONS 
TAt 
UNIT 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


25°C 
0.07 
0.12 
0.07 
0.12 


SR 
Slew rate at unity gain 
VO=±1.9V, 
RL = 100 kQ, 
Full 
V/flS 
CL = 100 pF 
0.05 
0.05 
range 


Equivalent input noise 
1= 10 Hz 
25°C 
38 
38 
Vn 
nV/..JRZ 
voltage 
1= 1 kHz 
25°C 
19 
19 


Peak-to-peak 
equivalent 
1= 0.1 Hz to 1 Hz 
25°C 
0.8 
0.8 
VN{PP) 
input noise voltage 
1=0.1 
Hzt010Hz 
25°C 
1.1 
1.1 
l!V 


In 
Equivalent input noise 
25°C 
0.6 
0.6 
IA..JRZ 
current 


Total harmonic distortion 
Vo = ±2.3 V, IAV = 1 
0.2% 
0.2% 


THO + N 
plus noise 
RL=50 
kQ, I 
25°C 
1= 10 kHz 
AV = 10 
1% 
10/0 


Gain-bandwidth 
product 
1=10 kHz, 
RL = 50 kQ, 
25°C 
0.21 
0.21 
MHz 
CL = 100 pF 


BOM 
Maximum output-swing 
VO{PP) = 4.6 V,AV = 1, 
25°C 
14 
14 
kHz 
bandwidth 
RL = 50 !ill, 
CL = 100 pF 


<l>m 
Phase margin at unity 
25°C 
63° 
63° 
gain 
RL = 50 kQ, 
CL = 100 pF 


Gain margin 
25°C 
15 
15 
dB 
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TLC22541 
TLC2254AI 


PARAMETER 
TEST CONDITIONS 
TAt 
UNIT 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


25°C 
200 
1500 
200 
850 


~V 
VIO 
Input offset voltage 


Full range 
1750 
1000 


Temperature 
25°C 
CLVIO 
coefficient of input 
to 125°C 
0.5 
0.5 
~VI"C 
offset voltage 
VOO± = ±2.5 V, 


Input offset voltage 
VIC=O, 


long-term drift 
VO=O, 
25°C 
0.003 
0.003 
~V/mo 


(see Note 4) 
RS= 50n 


25°C 
0.5 
0.5 
pA 
110 
Input offset current 


Full range 
1000 
1000 


25°C 
1 
1 


liB 
Input bias current 


Full range 
1000 
1000 
pA 


0 
-0.3 
0 
-0.3 
25°C 
to 
to 
to 
to 


Common-mode 
input 
4 
4.2 
4 
4.2 
VICR 
Rs=50n, 
IVIO 1$5 mV 
V 
voltage range 
0 
0 


Full range 
to 
to 
3.5 
3.5 


IOH=-20~ 
25°C 
4.98 
4.98 


High-level output 
25°C 
4.9 
4.94 
4.9 
4.94 
V 
VOH 
voltage 
IOH=-75~ 
Full range 
4.8 
4.8 
, 
IOH=-150~ 
25°C 
4.8 
4.88 
4.8 
4.88 


VIC =2.5 V, 
IOL=50~ 
25°C 
0.01 
0.01 


25°C 
0.09 
0.15 
0.09 
0.15 


VOL 
Low-level output 
VIC =2.5 V, 
10L = 500 ~A 
Full range 
0.15 
0.15 
V 
voltage 
25°C 
0.8 
1 
0.7 
1 
VIC =2.5 V, 
IOL=4 
mA 
Full range 
1.2 
1.2 


Large-signal 
RL = 100 kn:f: 


25°C 
100 
350 
100 
350 


AVO 
differential 
VIC = 2.5 V, 
Full range 
10 
10 
V/mV 
voltage amplification 
VO=1Vt04V 


RL= 
1 Mn:f: 
25°C 
1700 
1700 


ri(d} 


Oifferential input 
25°C 
1012 
1012 
n 
resistance 


ri(c) 
Common-mode 
input 
25°C 
1012 
1012 
n 
resistance 


Ci(c) 
Common-mode 
input 
f = 10 kHz, 
N package 
25°C 
8 
8 
pF 
capacitance 


Zo 
Closed-loop output 
f = 25 kHz, 
AV= 
10 
25°C 
200 
200 
n 
impedance 


CMRR 
Common-mode 
VIC = 0 to 2.7 V, VO=2.5V, 
25°C 
70 
83 
70 
83 
dB 
rejection ratio 
RS=50n 
Full range 
70 
70 


Supply-voltage 
VOO= 
4.4Vt016V, 
25°C 
80 
95 
80 
95 
kSVR 
rejection ratio 
VIC = VOO/2, 
No load 
dB 
(AVOO/AVIO) 
Full range 
80 
80 


100 
Supply current 
VO=2.5V, 
No load 
25°C 
140 
250 
140 
250 
~A 
(four amplifiers) 
Full range 
300 
300 


t Full range is - 40°C to 125°C. 
:f:Referenced to 2.5 V 
NOTE 4: 
Typical values are based on the input offset voltage shift observed through 500 hours of operating life test at TA = 150°C extrapolated 
to TA = 25°C using the Arrhenius equation and assuming an activation energy of 0.96 eV. 
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TLC22541 
TLC2254AI 
PARAMETER 
TEST CONDITIONS 
TAt 
UNIT 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


Vo = 1.4 Vt02.6 
V, 
25°C 
0.07 
0.12 
0.07 
0.12 


SR 
Slew rate at unity 
RL = 100 knt, 
Full 
V/~s 
gain 
CL = 100 pFt 
0.05 
0.05 
range 


Equivalent input 
f= 
10 Hz 
25°C 
36 
36 
Vn 
nV/-IHZ 
noise voltage 
f = 1 kHz 
25°C 
19 
19 


Peak-to-peak 
f = 0.1 Hz to 1 Hz 
25°C 
0.7 
0.7 
VN(PP) 
equivalent input 
~V 
noise voltage 
f = 0.1 Hz to 10Hz 
25°C 
1.1 
1.1 


In 
Equivalent input 
25°C 
0.6 
0.6· 
fA/-IHZ 
noise current 


Total harmonic 
Vo = 0.5 V to 2.5 V, 
AV= 
1 
0.2% 
0.2% 


THO + N 
distortion plus 
f = 20 kHz, 
25°C 
noise 
RL = 50 knt 
AV= 
10 
1% 
1% 


Gain-bandwidth 
f = 50 kHz, 
RL = 50 knt, 
25°C 
0.2 
MHz 
product 
CL = 100 pFt 
0.2 


BOM 
Maximum output- 
VO(PP) = 2 V, 
AV= 
1, 
25°C 
30 
30 
kHz 
swing bandwidth 
RL = 50 knt, 
CL = 100 pFt 


<l>m 
Phase margin at 
25°C 
63° 
63° 
unity gain 
RL = 50 kQ1', 
CL = 100 pF1' 


Gain margin 
25°C 
15 
15 
dB 
t Full range is - 40°C to 125°C. 
t Referenced to 2.5 V 


~TEXAS 
INSTRUMENTS 


TLC225x, TLC225xA,TLC225xY 
Advanced LinCMOSTM RAIL-TO-RAIL 
VERY LOW-POWER OPERATIONAL AMPLIFIERS 
SLOS176 
- FEBRUARY 
1997 


TLC22541 
TLC2254AI 
PARAMETER 
TEST CONDITIONS 
TAt 
UNIT 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


25°C 
200 
1500 
200 
850 
VIO 
Input offset voltage 
Full range 
1750 
1000 
~V 


Temperature coefficient of 
25°C 
0.5 
0.5 
~V/oC 
aVIO 
input offset voltage 
to 125°C 


Input offset voltage 
VIC=O, 
VO=O, 
25°C 
0.003 
0.003 
~V/mo 
long-term drift (see Note 4) 
RS = 50n 


25°C 
0.5 
0.5 
110 
Input offset current 
Full range 
1000 
1000 
pA 


25°C 
1 
1 
liB 
Input bias current 
Full range 
1000 
1000 
pA 


-5 
-5.3 
-5 
-5.3 
25°C 
to 
to 
to 
to 


Common-mode 
input 
4 
4.2 
4 
4.2 
VICR 
Rs=50n, 
IV101,;5mV 
V 
voltage range 
-5 
-5 
Full range 
to 
to 
3.5 
3.5 


10=-20~ 
25°C 
4.98 
4.98 


Maximum positive peak 
25°C 
4.9 
4.93 
4.9 
4.93 
VOM+ 
10=-100~ 
V 
output voltage 
Full range 
4.7 
4.7 


10=-200~ 
25°C 
4.8 
4.86 
4.8 
4.86 


VIC=O, 
10= 50 ~A 
25°C 
-4.99 
-4.99 


25°C 
-4.85 
-4.91 
-4.85 
-4.91 


VOM- 
Maximum negative peak 
VIC=O, 
10=500~ 
Full range 
-4.85 
-4.85 
V 
output voltage 
25°C 
-4 
-4.3 
-4 
-4.3 
VIC=O, 
10=4mA 
Full range 
-3.8 
-3.8 


25°C 
40 
150 
40 
150 


AVD 
Large-signal 
differential 
VO=±4 
V 
RL= 100 kQ 
Full range 
10 
10 
V/mV 
voltage amplification 
RL= 
1 Mn 
25°C 
3000 
3000 


r;(d) 
Differential input resistance 
25°C 
1012 
1012 
n 


r;(c) 


Common-mode 
input 
25°C 
1012 
1012 
n 
resistance 


Ci(c) 
Common-mode 
input 
f= 10 kHz, 
N package 
25°C 
8 
8 
pF 
capacitance 


zo 
Closed-loop 
output 
f = 25 kHz, 
AV= 
10 
25°C 
190 
190 
n 
impedance 


Common-mode 
rejection 
VIC = -5 V to 2.7 V, 
25°C 
75 
88 
75 
88 
CMRR 
dB 
ratio 
VO=O, 
RS =50n 
Full range 
75 
75 


Supply-voltage 
rejection 
VDD± = ±2.2 V to ±8 V, 
25°C 
80 
95 
80 
95 
kSVR 
ratio (~VDD±/~VIO) 
VIC = VDD/2, 
No load 
dB 
Full range 
80 
80 


Supply current 
25°C 
160 
250 
160 
250 
IDD 
(four amplifiers) 
VO=O, 
No load 
~ 
Full range 
300 
300 
t Full range is - 40°C to 125°C. 
NOTE 4: 
Typical values are based on the input offset voltage shift observed through 500 hours of operating life test at TA = 150°C extrapolated 
to TA = 25°C using the Arrhenius equation and assuming an activation energy of 0.96 eV. 


~TEXAS 
INSTRUMENTS 


TLC225x, TLC225xA,TLC225xY 
Advanced LinCMOSTM RAIL· TO·RAIL 
VERY LOW·POWER 
OPERATIONAL 
AMPLIFIERS 
SLOS176- 
FEBRUARY 
1997 


TAt 
TLC22541 
TLC2254AI 
PARAMETER 
TEST CONDITIONS 
UNIT 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


25°C 
0.07 
0.12 
0.07 
0.12 


SR 
Slew rate at unity gain 
VO=±1.9V, 
RL= 
100 kn, 


Full 
V/lJ.s 
CL = 100 pF 
0.05 
0.05 
range 


Equivalent input noise 
1= 10 Hz 
25°C 
38 
38 
Vn 
voltage 
1= 1 kHz 
25°C 
nVl,fHZ 
19 
19 


Peak-to-peak 
1= 0.1 Hz to 1 Hz 
25°C 
0.8 
0.8 
VN(PP) 
equivalent input noise 
lJ.V 
voltage 
1=0.1 
Hzt010Hz 
25°C 
1.1 
1.1 


In 
Equivalent input noise 
25°C 
0.6 
0.6 
IA/,fHZ 
current 


Total harmonic 
VQ=±2.3 
V, 
IAV= 
1 
0.2% 
0.2% 


THD + N 
distortion plus noise 
RL = 50 kn, 


IAV= 
10 
25°C 
1=20 
kHz 
1% 
1% 


Gain-bandwidth 
product 
1=10 
kHz, 
RL = 50 kQ, 
25°C 
0.21 
0.21 
MHz 
CL=100pF 


BOM 
Maximum output-swing 
VQ(PP) = 4.6 V, 
AV= 1, 
25°C 
14 
14 
kHz 
bandwid1h 
RL = 50 kQ, 
CL = 100 pF 


<l>m 
Phase margin at unity 
25°C 
63° 
63° 
gain 
RL = 50 kQ, 
CL = 100 pF 


Gain margin 
25°C 
15 
15 
dB 


~TEXAS 
INSTRUMENTS 


TlC225x,TlC225xA,TlC225xY 
Advanced LinCMOSTMRAll-TO-RAll 
VERY lOW-POWER OPERATIONAL AMPLIFIERS 
SLOS176- 
FEBRUARY 
1997 


TLC2252M 
TLC2252AM 
PARAMETER 
TEST CONDITIONS 
TAt 
UNIT 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


25°C 
200 
1500 
200 
850 
VIO 
Input offset voltage 
Full range 
1750 
1000 
~V 


Temperature coefficient 
25°C 
0.5 
0.5 
~VloC 
aVIO 
of input offset voltage 
to 125°C 


Input offset voltage 
VDD± = ±2.5 V, 
VIC=O, 
long-term drift 
25°C 
0.003 
0.003 
~Vlmo 
(see Note 4) 
VO=O, 
RS=50Q - 


25°C 
0.5 
0.5 
110 
Input offset current 
Full range 
500 
500 
pA 


25°C 
1 
1 
liB 
Input bias current 
Full range 
500 
500 
pA 


0 
-0.3 
0 
-0.3 
25°C 
to 
to 
to 
to 


Common-mode 
input 
4 
4.2 
4 
4.2 
VICR 
voltage range 
RS=50Q, 
IV101,;;5mV 
V 
0 
0 
Full range 
to 
to 
3.5 
3.5 


IOH=-20~ 
25°C 
4.98 
4.98 


High-level output 
25°C 
4.9 
4.94 
4.9 
4.94 
VOH 
voltage 
10H =-75~ 
V 
Full range 
4.8 
4.8 


IOH=-150~ 
25°C 
4.8 
4.88 
4.8 
4.88 


VIC=2.5 
V, 
10L= 
50~ 
25°C 
0.01 
0.01 


25°C 
0.09 
0.15 
0.09 
0.15 


VOL 
Low-level output 
VIC=2.5V, 
10L= 
500~ 
Full range 
0.15 
0.15 
V 
voltage 
25°C 
0.8 
1 
0.7 
1 
VIC=2.5 
V, 
10L= 
4mA 
Full range 
1.2 
1.2 


RL= 
100 kQ:j: 
25°C 
100 
350 
100 
350 


AVD 
Large-signal 
differential 
VIC=2.5V, 
Full range 
10 
10 
VlmV 
voltage amplification 
VO=1Vt04V 
RL= 
1 MQ:j: 
25°C 
1700 
1700 


r;d 
Differential input 
25°C 
1012 
1012 
Q 
resistance 


r;c 
Common-mode 
input 
25°C 
1012 
1012 
Q 
resistance 


cic 
Common-mode 
input 
f = 10 kHz, 
f = 10 kHz, 
25°C 
8 
8 
pF 
capacitance 


Zo 
Closed-loop 
output 
f = 25 kHz, 
AV= 
10 
25°C 
200 
200 
Q 
impedance 


Common-mode 
VIC=Ot02.7V, 
VO=2.5V, 
25°C 
70 
83 
70 
83 
CMRR 
rejection ratio 
RS =50 Q 
Full range 
70 
70 
dB 


Supply-voltage 
VDD= 
4.4Vt016V, 
25°C 
80 
95 
80 
95 
kSVR 
rejection ratio 
VIC=VDD/2, 
No load 
dB 
(AVDD/AVIO) 
Full range 
80 
80 


IDD 
Supply current 
VO=2.5V, 
No load 
25°C 
70 
125 
70 
125 
~ 
Full range 
150 
150 
t Full range is - 55°C to 125°C. 
:j:Referenced to 2.5 V 
NOTE 4: 
Typical values are based on the input offset voltage shift observed through 500 hours of operating life test at TA = 150°C extrapolated 
to TA = 25°C using the Arrhenius equation and assuming an activation energy of 0.96 eV. 


~TEXAS 
INSTRUMENTS 


TLC22Sx,TLC22SxA,TLC22SxY 
Advanced LinCMOSTM RAIL·TO·RAIL 
VERY LOW-POWER OPERATIONAL AMPLIFIERS 
SLOS176- 
FEBRUARY 
1997 


TAt 
TLC2252M 
TLC2252AM 
PARAMETER 
TEST CONDITIONS 
UNIT 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


25°C 
0.07 
0.12 
0.07 
0.12 


SR 
Slew rate at unity 
Vo = 0.5 V to 3.5 V, 


Full 
V/Jls 
gain 
RL = 100 knl, 
CL = 100 pFl 
0.05 
0.05 
range 


Equivalent input 
1= 10 Hz 
25°C 
36 
36 
Vn 
nV/VHZ 
noise voltage 
1= 1 kHz 
25°C 
19 
19 


Peak-to-peak 
1= 0.1 Hz to 1 Hz 
25°C 
0.7 
0.7 
VN(PP) 
equivalent input 
JlV 
noise voltage 
1=0.1 Hzt010Hz 
25°C 
1.1 
1.1 


In 
Equivalent input 
25°C 
0.6 
0.6 
IAVHZ 
noise current 


Total harmonic 
Vo = 0.5 V to 2.5 V, IAV = 1 
0.2% 
0.2% 


THD+ 
N 
distortion plus 
1= 10 kHz, 
25°C 
noise 
RL = 50 kQl 
IAV = 10 
1% 
1% 


Gain-bandwidth 
1= 50 kHz, 
RL = 50 knl, 
25°C 
0.2 
product 
CL = 100 pFl 
0.2 
MHz 


BOM 
Maximum output- 
VO(PP) =2 V, 
AV= 
1, 
25°C 
30 
30 
kHz 
swing bandwidth 
RL = 50 knl, 
CL = 100 pFl 


<Pm 
Phase margin at 
25°C 
63° 
63° 
unity gain 
RL = 50 kn+, 
CL = 100 pF+ 


Gain margin 
25°C 
15 
15 
dB 
t Full range is - 55°C to 125°C. 
l Relerenced 
to 2.5 V 


~TEXAS 
INSTRUMENTS 


TLC225x, TLC225xA,TLC225xY 
Advanced LinCMOSTM RAIL-TO-RAIL 
VERY LOW-POWER OPERATIONAL AMPLIFIERS 
SLOS176- 
FEBRUARY 
1997 


TLC2252M 
TLC2252AM 


PARAMETER 
TEST CONDITIONS 
TAt 
UNIT 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


25°C 
200 
1500 
200 
850 
VIO 
Input offset voltage 
Full range 
1750 
1000 
~V 


Temperature coefficient of 
25°C 
0.5 
0.5 
~V/oC 
aVIO 
input offset voltage 
to 125°C 


Input offset voltage long- 
VIC=O, 
VO=O. 
25°C 
0.003 
0.003 
~V/mo 
term drift (see Note 4) 
RS = 50n 


25°C 
0.5 
0.5 
110 
Input offset current 
Full range 
500 
500 
pA 


25°C 
1 
1 


liB 
Input bias current 


Full range 
500 
500 
pA 


-5 
-5.3 
-5 
-5.3 
25°C 
to 
to 
to 
to 


Common-mode 
input 
4 
4.2 
4 
4.2 
VICR 
RS = 50 n. 
IV101,,5mV 
V 
voltage range 
-5 
-5 


Full range 
to 
to 
3.5 
3.5 


10=-20~ 
25°C 
4.98 
4.98 


Maximum positive peak 
25°C 
4.9 
4.93 
4.9 
4.93 
VOM+ 
10 =-100 
~A 
V 
output voltage 
Full range 
4.7 
4.7 


10 =-200 
~A 
25°C 
4.8 
4.86 
4.8 
4.86 


VIC=O, 
10= 
50 ~A 
25°C 
-4.99 
-4.99 


25°C 
-4.85 
-4.91 
-4.85 
-4.91 


VOM- 
Maximum negative 
VIC=O, 
10= 
500~A 


Full range 
-4.85 
-4.85 
V 
peak output voltage 
25°C 
-4 
-4.3 
-4 
-4.3 
VIC=O, 
10= 
4mA 


Full range 
-3.8 
-3.8 


25°C 
40 
150 
40 
150 


AVO 
Large-signal 
differential 
VO=±4 
V 
RL = 100 kn 


Full range 
10 
10 
V/mV 
voltage amplification 


RL= 
1 Mn 
25°C 
3000 
3000 


r;d 
Differential input 
25°C 
1012 
1012 
n 
resistance 


fie 
Common-mode 
input 
25°C 
1012 
1012 
n 
resistance 


cic 
Common-mode 
input 
f = 10 kHz, 
P package 
25°C 
8 
8 
pF 
capacitance 


Zo 
Closed-loop 
output 
f = 25 kHz, 
AV= 
10 
25°C 
190 
190 
n 
impedance 


Common-mode 
VIC = -5 V to 2.7 V, 
25°C 
75 
88 
75 
88 
CMRR 
dB 
rejection ratio 
VO=O, 
RS = 50 n 
Full range 
75 
75 


Supply-voltage 
rejection 
VDD = ±2.2 V to ±8 V. 
25°C 
80 
95 
80 
95 
kSVR 
dB 
ratio (~VDD± I~VIO) 
VIC=O, 
No load 
Full range 
80 
80 


25°C 
80 
125 
80 
125 


100 
Supply current 
VO=2.5V. 
No load 
~ 
Full range 
150 
150 
t Full range is - 55°C to 125°C. 
NOTE 4: 
Typical values are based on the input offset voltage shift observed through 500 hours of operating life test at TA = 150°C extrapolated 
to TA = 25°C using the Arrhenius equation and assuming an activation energy of 0.96 eV. 


~TEXAS 
INSTRUMENTS 


TLC225x,TLC225xA,TLC225xY 
Advanced LinCMOSTM RAIL-TO-RAIL 
VERY LOW-POWER OPERATIONAL AMPLIFIERS 


SLOS 176 - FEBRUARY 
1997 


TLC2252M 
TLC2252AM 


PARAMETER 
TEST CONDITIONS 
TAt 
UNIT 


MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


25°C 
0.07 
0.12 
0.07 
0.12 


SR 
Slew rate at unity gain 
VO=±2V, 
RL = 100 kQ, 


Full 
V/JJ.s 
CL = 100 pF 
0.05 
0.05 
range 


Equivalent input noise 
1= 10 Hz 
25°C 
38 
38 


Vn 
nV/\I'HZ 
voltage 
1= 1 kHz 
25°C 
19 
19 


Peak-to-peak 
equivalent 
1= 0.1 Hz to 1 Hz 
25°C 
0.8 
0.8 


VN(PP) 
input noise voltage 
1=0.1 
Hzt010Hz 
25°C 
1.1 
1.1 
JJ.V 


In 


Equivalent input noise 
25°C 
0.6 
0.6 
IA\I'HZ 
current 


Total harmonic distortion 
VO=±2.3 
V, 
IAV= 
1 
0.2% 
0.2% 


THO + N 
plus noise 
RL = 50 kQ, 


IAV= 
10 
25°C 
1= 10 kHz 
1% 
1% 


Gain-bandwidth 
product 
1=10 
kHz, 
RL = 50 kQ, 
25°C 
0.21 
0.21 
MHz 
CL = 100 pF 


BOM 
Maximum output-swing 
VO(PP) = 4.6 V, 
AV= 
1, 
25°C 
14 
14 
kHz 
bandwidth 
RL = 50 kQ, 
CL = 100 pF 


<Pm 


Phase margin at unity 
25°C 
63° 
63° 
gain 
RL = 50 kQ, 
CL = 100 pF 


Gain margin 
25°C 
15 
15 
dB 


~TEXAS 
INSTRUMENTS 


TLC225x,TLC225xA,TLC225xY 
Advanced LinCMOSTM RAIL-TO-RAIL 
VERY LOW·POWER OPERATIONAL AMPLIFIERS 
SLOS176- FEBRUARY1997 


TLC2254M 
TLC2254AM 
PARAMETER 
TEST CONDITIONS 
TAt 
UNIT 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


25°C 
200 
1500 
200 
850 
!lV 
VIO 
Input offset voltage 
Full range 
1750 
1000 


Temperature 
25°C 


aVIO 
coefficient of input 
to 125°C 
0.5 
0.5 
!lV/oC 


offset voltage 


Input offset voltage 
VOO± = ±2.5 V, 
VIC=O, 


long-term drift 
VO=O, 
RS = 50Q 
25°C 
0.003 
0.003 
!lV/mo 
(see Note 4) 


110 
Input offset current 
25°C 
0.5 
0.5 


125°C 
500 
500 
pA 


25°C 
1 
1 
liB 
Input bias current 
125°C 
500 
500 
pA 


0 
-0.3 
0 
-0.3 
25°C 
to 
to 
to 
to 


Common-mode 
input 
4 
4.2 
4 
4.2 
VICR 
RS=50Q, 
IV101~5mV 
V 
voltage range 
0 
0 
Full range 
to 
to 
3.5 
3.5 


10H =-20!1A 
25°C 
4.98 
4.98 


VOH 
High-level output 
25°C 
4.9 
4.94 
4.9 
4.94 
10H =-75!lA 
V 
voltage 
Full range 
4.8 
4.8 


10H =-150!lA 
25°C 
4.8 
4.88 
4.8 
4.88 


VIC=2.5 
V, 
10L = 50!1A 
25°C 
0.01 
0.01 


VIC=2.5 
V, 
10L = 500!1A 
25°C 
0.09 
0.15 
0.09 
0.15 


VOL 
Low-level output 
Full range 
0.15 
0.15 
V 
voltage 
25°C 
0.8 
1 
0.7 
1 
VIC =2.5 V, 
IOL=4 
mA 
Full range 
1.2 
1.2 


Large-signal 
RL = 100 kQ:j: 
25°C 
100 
350 
100 
350 


AVO 
differential 
VIC=2.5 
V, 
Full range 
10 
10 
V/mV 
VO=1Vt04V 
voltage amplification 
RL= 
1 MQ:j: 
25°C 
1700 
1700 


r;(d) 


Differential input 
25°C 
1012 
1012 
Q 
resistance 


r;(c) 
Common-mode 
input 
25°C 
1012 
1012 
Q 
resistance 


Ci(c) 
Common-mode 
input 
f = 10 kHz, 
N package 
25°C 
8 
8 
pF 
capacitance 


Zo 
Closed-loop 
output 
f = 25 kHz, 
AV= 
10 
25°C 
200 
200 
Q 
impedance 


CMRR 
Common-mode 
VIC = 0 to 2.7 V, 
VO=2.5V, 
25°C 
70 
83 
70 
83 
rejection ratio 
RS=50 
Q 
dB 
Full range 
70 
70 


Supply-voltage 
VOO= 
4.4Vt016V, 
25°C 
80 
95 
80 
95 


kSVR 
rejection ratio 
dB 
(~VOO/~VIO) 
VIC = Voo/2, 
No load 
Full range 
80 
80 


100 
Supply current 
VO=2.5V, 
No load 
25°C 
140 
250 
140 
250 


(four amplifiers) 
Full range 
300 
300 
!lA 


t Full range is - 55°C to 125°C. 
:j:Referenced to 2.5 V 


NOTE 4: 
Typical values are based on the input offset voltage shift observed through 500 hours of operating life test at TA = 150°C extrapolated 
to TA = 25°C using the Arrhenius equation and assuming an activation energy of 0.96 eV. 


~TEXAS 
INSTRUMENTS 


TLC22Sx,TLC22SxA,TLC22SxY 
Advanced LinCMOSTM RAIL-TO-RAIL 
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TLC2254M 
TLC2254AM 
PARAMETER 
TEST CONDITIONS 
TAt 
UNIT 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


Vo = 0.5 V to 3.5 V, 
25°C 
0.07 
0.12 
0.Q7 
0.12 


SR 
Slew rate at unity 
RL = 100 kQ:j:, 
Full 
V/11s 
gain 
CL= 
1OOpF:j: 
0.05 
0.05 
range 


Equivalent input 
1= 10Hz 
25°C 
36 
36 
nV/VHZ 
Vn 
noise voltage 
1= 1 kHz 
25°C 
19 
19 


Peak-to-peak 
1= 0.1 Hz to 1 Hz 
25°C 
0.7 
0.7 
VN(PP) 
equivalent input 
l1V 
noise voltage 
1=0.1 
Hz to 10Hz 
25°C 
1.1 
1.1 


In 
Equivalent input 
25°C 
0.6 
0.6 
IA/VHZ 
noise cu rrent 


Total harmonic 
Vo = 0.5 V to 2.5 V, 
AV= 
1 
0.2% 
0.2% 


THD+ 
N 
distortion plus 
1= 20 kHz, 
25°C 
noise 
RL=50 
kQ:j: 
AV= 
10 
1% 
1% 


Gain-bandwidth 
1= 50 kHz, 
RL=50 
kQ:j:, 
25°C 
0.2 
0.2 
MHz 
product 
CL = 100 pF:j: 


BOM 
Maximum output- 
VO(PP) =2V, 
AV= 
1, 
25°C 
30 
30 
kHz 
swing bandwidth 
RL=50 
kQ:j:, 
CL = 100 pF:j: 


<!1m 
Phase margin at 
25°C 
63° 
63° 
unity gain 
RL=50 
kQ:t:, 
CL = 100 pF:t: 


Gain margin 
25°C 
15 
15 
dB 
t Full range is - 55°C to 125°C. 
:j:Relerenced 
to 2.5 V 
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TLC2254M 
TLC2254AM 
PARAMETER 
TEST CONDITIONS 
TAt 
UNIT 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


25°C 
200 
1500 
200 
850 
VIO 
Input offset voltage 
Full range 
1750 
1000 
~V 


Temperature coefficient of 
25°C 
0.5 
0.5 
~V/oC 
aVIO 
input offset voltage 
to 125°C 


Input offset voltage 
VIC=O, 
VO=O, 
25°C 
0.003 
0.003 
~V/mo 
long-term drift (see Note 4) 
RS=50n 


25°C 
0.5 
0.5 
110 
Input offset current 
125°C 
500 
500 
pA 


25°C 
1 
1 
liB 
Input bias current 
125°C 
500 
500 
pA 


-5 
-5.3 
-5 
-5.3 
25°C 
to 
to 
to 
to 


Common-mode 
input 
4 
4.2 
4 
4.2 
VICR 
RS = 50n, 
IV101$5mV 
V 
voltage range 
-5 
-5 
Full range 
to 
to 
3.5 
3.5 


10=-20~ 
25°C 
4.98 
4.98 


Maximum positive peak 
25°C 
4.9 
4.93 
4.9 
4.93 
VOM+ 
10=-100~ 
V 
output voltage 
Full range 
4.7 
4.7 


10=-200~ 
25°C 
4.8 
4.86 
4.8 
4.86 


VIC=O, 
10 = 50~A 
25°C 
-4.99 
-4.99 


25°C 
-4.85 
-4.91 
-4.85 
-4.91 


VOM- 
Maximum negative peak 
VIC=O, 
10=500~ 
Full range 
-4.85 
-4.85 
V 
output voltage 
25°C 
-4 
-4.3 
-4 
-4.3 
VIC=O, 
10=4mA 
Full range 
-3.8 
-3.8 


25°C 
40 
150 
40 
150 


AVD 
Large-signal differential 
VO=±4 
V 
RL=100kn 
Full range 
10 
10 
V/mV 
voltage amplification 
RL= 
1 Mn 
25°C 
3000 
3000 


ri(d) 
Differential input resistance 
25°C 
1012 
1012 
n 


r;(c) 


Common-mode 
input 
25°C 
1012 
1012 
n 
resistance 


Ci(c) 


Common-mode 
input 
f = 10 kHz, 
N package 
25°C 
8 
8 
pF 
capacitance 


Zo 
Closed-loop output 
f = 25 kHz, 
Av= 
10 
25°C 
190 
190 
n 
impedance 


Common-mode 
rejection 
VIC=-5Vt02.7V, 
25°C 
75 
88 
75 
88 
CMRR 
dB 
ratio 
VO=O, 
RS= 50n 
Full range 
75 
75 


Supply-voltage 
rejection 
VDD± = ±2.2 V to ±8 V, 
25°C 
80 
95 
80 
95 
kSVR 
ratio (6VDD±ltNI0) 
VIC = VDD/2, 
No load 
dB 


Full range 
80 
80 


Supply current 
25°C 
160 
250 
160 
250 
IDD 
(four amplifiers) 
VO=O, 
No load 
~ 
Full range 
300 
300 
t Full range is - 55°C to 125°C. 
NOTE 4: 
Typical values are based on the input offset voltage shift observed through 500 hours of operating life test at TA = 150°C extrapolated 
to TA = 25°C using the Arrhenius equation and assuming an activation energy of 0.96 eV. 
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TAt 
TLC2254M 
TLC2254AM 
PARAMETER 
TEST CONDITIONS 
UNIT 
MIN 
TVP 
MAX 
MIN 
TVP 
MAX 


25°C 
0.07 
0.12 
0.07 
0.12 


SR 
Slew rate at unity gain 
VO=±2V, 
RL = 100 kQ, 


Full 
V//.!s 
CL = 100 pF 
0.05 
0.05 
range 


Equivalent input noise 
f= 
10 Hz 
25°C 
38 
38 
Vn 
voltage 
f = 1 kHz 
25°C 
nV/,;HZ 


19 
19 


Peak-to-peak 
f = 0.1 Hz to 1 Hz 
25°C 
0.8 
0.8 
VN(PP) 
equivalent input noise 
/.!V 
voltage 
f = 0.1 Hz to 10Hz 
25°C 
1.1 
1.1 


In 
Equivalent input noise 
25°C 
0.6 
0.6 
fA/,;HZ 
current 


Total harmonic 
VO=±2.3 
V, 
AV= 
1 
0.2% 
0.2% 


THO + N 
distortion plus noise 
RL = 50 kQ, 
25°C 
f = 20 kHz 
AV= 
10 
1% 
1% 


Gain-bandwidth 
product 
f =10 
kHz, 
RL = 50 kQ, 
25°C 
0.21 
0.21 
MHz 
CL = 100 pF 


BOM 
Maximum output-swing 
VO(PP) = 4.6 V, 
AV= 
1, 
25°C 
14 
14 
kHz 
bandwidth 
RL = 50 kQ, 
CL = 100 pF 


<l>m 
Phase margin at unity 
25°C 
63° 
63° 
gain 
RL = 50 kQ, 
CL = 100 pF 


Gain margin 
25°C 
15 
15 
dB 
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TLC2252Y 


PARAMETER 
TEST CONDITIONS 
UNIT 
MIN 
TYP 
MAX 


VIO 
Input offset voltage 
200 
!tV 


110 
Input offset current 
VIC=O, 
VOO± = ±2.S V, 
O.S 
pA 
VO=O, 
RS=SOa 
liB 
Input bias current 
1 
pA 


-0.3 


VICR 
Common-mode 
input voltage range 
IVlol"SmV, 
RS = SOa 
to 
V 
4.2 


10H = -20 
!LA 
4.98 


VOH 
High-level output voltage 
10H = -7S!LA 
4.94 
V 


10H = -1S0!LA 
4.88 


VIC =2.S V, 
10L = SO!LA 
0.01 


VOL 
Low-level output voltage 
VIC =2.S V, 
10L = SOO!LA 
0.09 
V 


VIC =2.5 V, 
IOL=4 
mA 
0.8 


Large-signal 
differential 
VIC =2.S V, 
I RL = 100 kQt 
350 
AVO 
V/mV 
voltage amplification 
Vo = 1 Vto 4 V 
I RL= 
1 Mat 
1700 


'id 
Differential input resistance 
1012 
a 


rie 
Common-mode 
input resistance 
1012 
a 


Gic 
Common-mode 
input capacitance 
f = 10 kHz 
8 
pF 


Zo 
Closed-loop 
output impedance 
f = 25 kHz, 
AV= 10 
200 
a 


CMRR 
Common-mode 
rejection ratio 
VIC = 0 to 2.7 V, 
VO=2.5 
V, 
83 
dB 
RS =soa 


kSVR 
Supply-voltage 
rejection ratio (6VooltNlo) 
VOO = 4.4 V to 16 V, 
VIC = VOO/2, 
95 
dB 
No load 


100 
Supply current 
VO=2.SV, 
No load 
70 
!tA 
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TLC2252Y 
PARAMETER 
TEST CONDITIONS 
UNIT 
MIN 
TYP 
MAX 


VIO 
Input offset voltage 
200 
~V 


110 
Input offset current 
VIC=O, 
VO=O, 
0.5 
pA 
RS =50 n 
liB 
Input bias current 
1 
pA 


-5.3 


VICR 
Common-mode 
input voltage range 
IVI01,;;5mV, 
RS=50n 
to 
V 
4.2 


10=-20~ 
4.99 


VOM+ 
Maximum positive peak output voltage 
10 =-100~ 
4.93 
V 


10 =-200~A 
4.86 


VIC=O, 
10L = 50 ~A 
-4.99 


VOM- 
Maximum negative peak output voltage 
VIC=O, 
IOL=500~ 
-4.91 
V 


VIC=O, 
IOL=4 
mA 
-4.1 


Large-signal 
differential 
I RL = 100 kn 
150 
AVD 
voltage amplification 
Vo =±4 
V 
I RL= 
1 Mn 
V/mV 
3000 


fid 
Differential input resistance 
1012 
n 


fic 
Common-mode 
input resistance 
1012 
n 


Gic 
Common-mode 
input capacitance 
f=10kHz 
8 
pF 


Zo 
Closed-loop 
output impedance 
f = 25 kHz, 
AV= 
10 
190 
n 


CMRR 
Common-mode 
rejection ratio 
VIC=-5Vt02.7V, 
VO=O, 
88 
dB 
RS=50n 


kSVR 
Supply-voltage 
rejection ratio (t.VDD±It.VIO) 
VDD± = ±2.2 V to ±8 V, 
VIC=O, 
95 
dB 
No load 


IDD 
Supply current 
VO=O, 
No load 
80 
~ 
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TLC2254Y 
PARAMETER 
TEST CONDITIONS 
UNIT 
MIN 
TYP 
MAX 


VIO 
Input offset voltage 
200 
I!V 


110 
Input offset current 
VIC=O, 
VDO± = ±2.5 V, 
VO=O, 
0.5 
pA 


liB 
Input bias current 


RS = 50 0 


1 
pA 


-0.3 


VICR 
Common-mode 
input voltage range 
IVI01,;5mV, 
RS=500 
to 
V 


4.2 


10H =-20 
I!A 
4.98 


VOH 
High-level output voltage 
10H = -751!A 
4.94 
V 


10H =-150I!A 
4.88 


VIC=2.5 
V, 
10L = 50 I!A 
0.01 


VOL 
Low-level output voltage 
VIC =2.5 V, 
10L = 500 I!A 
0.09 
V 


VIC =2.5 V, 
IOL=4 
mA 
0.8 


Large-signal 
differential 
VIC =2.5 V, 
I RL = 100 kOt 
350 


AvO 
V/mV 
voltage amplilication 
VO=1 
Vt04V 
I RL= 
1 Mot 
1700 


qld) 
Differential input resistance 
1012 
0 


qlc) 
Common-mode 
input resistance 
1012 
0 


Cilc) 
Common-mode 
input capacitance 
1= 10 kHz 
8 
pF 


zo 
Closed-loop 
output impedance 
1= 25 kHz, 
AV= 10 
200 
0 


CMRR 
Common-mode 
rejection ratio 
VIC = 0 to 2.7 V, 
Vo = 2.5 V, 
RS=500 
83 
dB 


kSVR 
Supply-voltage 
rejection ratio 
VOO = 4.4 V to 16 V, 
VIC =VOO/2, 
No load 
95 
dB 
(lI.Voo/ll.VIO) 


IDD 
Supply current (lour ampliliers) 
VO=2.5V, 
No load 
140 
I!A 
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TLC2254Y 
PARAMETER 
TEST CONDITIONS 
UNIT 
MIN 
TYP 
MAX 


VIO 
Input offset voltage 
200 
~V 


110 
Input offset current 
VIC=O, 
RS = 50 n, 
VO=O, 
0.5 
pA 


liB 
Input bias current 
1 
pA 


-5.3 


VICR 
Common-mode 
input voltage range 
IVIO 1:55 mV, 
RS=50n 
to 
V 
4.2 


10=-20~A 
4.99 


VOM+ 
Maximum positive peak output voltage 
10=-100~ 
4.93 
V 


10=-200~ 
4.86 


VIC=O, 
IOL=50~ 
-4.99 


VOM- 
Maximum negative peak output voltage 
VIC=O, 
IOL=500~ 
-4.91 
V 


VIC=O, 
IOL=4 
mA 
-4.1 


Large-signal 
differential voltage 
I RL = 100 kn 
150 
AVO 
amplification 
VO=±4 
V 
I RL= 
1 Mn 
V/mV 
3000 


tied) 
Oifferential input resistance 
1012 
n 


ti(c) 
Common-mode 
input resistance 
1012 
n 


Ci(cl 
Common-mode 
input capacitance 
f= 
10 kHz 
8 
pF 


Zo 
Closed-loop 
output impedance 
f = 25 kHz, 
AV= 
10 
190 
n 


CMRR 
Common-mode 
rejection ratio 
VIC=-5Vt02.7V, 
VO=O, 
RS = 50n 
88 
dB 


kSVR 
Supply-voltage 
rejection ratio 
VOO± = ±2.2 V to ±8 V, 
VIC=O, 
No load 
95 
dB 
(tNOOt/L\.VIO) 


100 
Supply current (four amplifiers) 
VO=O, 
No load 
160 
~ 
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FIGURE 


VIO 
Input offset voltage 
Distribution 
2-5 
vs Common-mode 
input voltage 
6, 7 


aVIO 
Input offset voltage temperature 
coefficient 
Distribution 
8-11 


IIBlIIO 
Input bias and input offset currents 
vs Free-air temperature 
12 


VI 
Input voltage range 
vs Supply voltage 
13 
vs Free-air temperature 
14 


VOH 
High-level output voltage 
vs High-level output current 
15 


VOL 
Low-level output voltage 
vs Low-level output current 
16,17 


VOM+ 
Maximum positive peak output voltage 
vs Output current 
18 


VOM- 
Maximum negative peak output voltage 
vs Output current 
19 


VO(PPl 
Maximum peak-to-peak 
output voltage 
vs Frequency 
20 


10S 
Short-circuit output current 
vs Supply voltage 
21 
vs Free-air temperature 
22 


Vo 
Output voltage 
vs Differential input voltage 
23,24 


Differential gain 
vs Load resistance 
25 


AVD 
Large-signal 
differential voltage amplification 
vs Frequency 
26,27 
vs Free-air temperature 
28,29 


Zo 
Output impedance 
vs Frequency 
30,31 


CMRR 
Common-mode 
rejection ratio 
vs Frequency 
32 
vs Free-air temperature 
33 


kSVR 
Supply-voltage 
rejection ratio 
vs Frequency 
34,35 
vs Free-air temperature 
36 


IDD 
Supply current 
vs Supply voltage 
37 
vs Free-air temperature 
38 


SR 
Slew rate 
vs Load capacitance 
39 
vs Free-air temperature 
40 


Vo 
Inverting large-signai pulse response 
vs Time 
41,42 


Vo 
Voltage-foilower 
iarge-signal pulse response 
vs Time 
43,44 


Vo 
Inverting smail-signal 
pulse response 
vs Time 
45,46 


Vo 
Voltage-foilower 
smail-signal 
pulse response 
vs Time 
47,48 


Vn 
Equivalent input noise voltage 
vs Frequency 
49,50 


Noise voltage (referred to input) 
Over a 10-second period 
51 


Integrated noise voltage 
vs Frequency 
52 


THD+ 
N 
Total harmonic distortion plus noise 
vs Frequency 
53 


Gain-bandwidth 
product 
vs Free-air temperature 
54 
vs Supply voltage 
55 


<l>m 
Phase margin 
vs Frequency 
26,27 
vs Load capac~ance 
56 


Am 
Gain margin 
vs Load capacitance 
57 


81 
Unity-gain bandwidth 
vs Load capacitance 
58 


Overestimation 
of phase margin 
vs Load capacitance 
59 
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t Data at high and low temperatures 
are applicable only within the rated operating free-air temperature 
ranges of the various devices. 


:I: For curves where VDD = 5 V, all loads are referenced to 2.5 V. 
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are applicable only within the rated operating free-air temperature 
ranges of the various devices. 


:t: For curves where VDD = 5 V, all loads are referenced to 2.5 V. 
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t Data at high and low temperatures 
are applicable only within the rated operating free-air temperature 
ranges of the various devices. 
:j: For curves where VDD = 5 V, all loads are referenced to 2.5 V. 
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t Data at high and low temperatures 
are applicable only within the rated operating free-air temperature 
ranges of the various devices. 


:j: For curves where VDO = 5 V, all loads are referenced to 2.5 V. 
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t For curves where VDD = 5 V, all loads are referenced to 2.5 V. 


:j: Data at high and low temperatures 
are applicable only within the rated operating free-air temperature 
ranges of the various devices. 
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t Data at high and low temperatures 
are applicable only within the rated operating free-air temperature 
ranges of the various devices. 


:j: For curves where VDD = 5 V, all loads are referenced to 2.5 V. 
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t Data at high and low temperatures 
are applicable only within the rated operating free-air temperature 
ranges of the various devices. 
* For curves where VDD = 5 V, all loads are referenced to 2.5 V. 
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t For curves where VDD = 5 V, all loads are referenced to 2.5 V. 


:I: Data at high and low temperatures 
are applicable only within the rated operating free-air temperature 
ranges of the various devices. 
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PHASE MARGIN 
vs 
LOAD CAPACITANCE 
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Figure 56 


UNITY-GAIN BANDWIDTHt 
vs 
LOAD CAPACITANCE 
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LOAD CAPACITANCE 
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Figure 57 


OVERESTIMATION 
OF PHASE MARGINt 
vs 
LOAD CAPACITANCE 
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driving 
large capacitive 
loads 


The TLC225x is designed to drive larger capacitive loads than most CMOS operational amplifiers. Figure 56 
and Figure 57 illustrate its ability to drive loads up to 1000 pF while maintaining good gain and phase margins 
(Rnull = 0). 


A smaller series resistor (RnulI)at the output of the device (see Figure 60) improves the gain and phase margins 
when driving large capacitive loads. Figure 56 and Figure 57 show the effects of adding series resistances of 
10 Q, 50 Q, 100 Q, 200 Q, and 500 Q. The addition of this series resistor has two effects: the first is that it adds 
a zero to the transfer function and the second is that it reduces the frequency of the pole associated with the 
output load in the transfer function. 


The zero introduced to the transfer function is equal to the series resistance times the load capacitance. To 
calculate the improvement in phase margin, equation 1 can be used. 


= improvement in phase margin 


unity-gain bandwidth frequency 
output series resistance 


load capacitance 


The unity-gain bandwidth (UGBW) frequency decreases as the capacitive load increases (see Figure 58). To 
use equation 1, UGBW must be approximated from Figure 58. 


Using equation 1 alone overestimates the improvement in phase margin, as illustrated in Figure 59. The 
overestimation is caused by the decrease in the frequency of the pole associated with the load, thus providing 
additional phase shift and reducing the overall improvement in phase margin. 


Using Figure 60, with equation 1 enables the designer to choose the appropriate output series resistance to 
optimize the design of circuits driving large capacitance loads. 


50k1l 
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Macromodel information provided was derived using Microsim Parts™, the model generation software used 
with Microsim PSpice™. The Boyle macromodel (see Note 5) and subcircuit in Figure 61 are generated using 
the TLC225x typical electrical and operating characteristics at TA = 25°C. Using this information, output 
simulations of the following key parameters can be generated to a tolerance of 20% (in most cases): 


• 
Maximum positive output voltage swing 
• 
Unity-gain frequency 
• 
Maximum negative output voltage swing 
• 
Common-mode rejection ratio 


• 
Slew rate 
• 
Phase margin 
• 
Quiescent power dissipation 
• 
DC output resistance 
• 
Input bias current 
• 
AC output resistance 
• 
Open-loop voltage amplification 
• 
Short-circuit output current limit 


NOTE 5: 
G. R. Boyle, B. M. Cohn, D. O. Pederson, and J. E. Solomon, "Macromodeling of Integrated Circuit Operational Amplifiers", IEEE Journal 
of Solid-State 
Circuits, SC-9, 353 (1974). 


R0290 


HUM 


OUT 


RD1 
60 
11 
37.23E3 
RD2 
60 
12 
37.23E3 
R01 
8 
5 
84 
R02 
7 
99 
84 
RP 
3 
4 
71.43E3 
RSS 
10 
99 
64.52E6 
VAD 
60 
4 
-.5 
VB 
9 
0 
DC 0 
VC 
3 
53 
DC .605 
VE 
54 
4 
DC.605 
VLlM 
7 
8 
DC 0 
VLP 
91 
0 
DC -.235 
VLN 
0 
92 
DC 7.5 


.MODEL DX D (IS=800.0E-18) 
.MODEL JX PJF (IS=500.0E-15 
BETA=139E-6 
+VTO~.05) 
.ENDS 


.SUBCKT TLC225x 1 2 3 4 5 
C1 
11 
12 
6.369E-12 
C2 
6 
7 
25.00E-12 
DC 
5 
53 
DX 
DE 
54 
5 
DX 
DLP 
90 
91 
DX 


DLN 
92 
90 
DX 


DP 
4 
3 
DX 


EGND 
99 
0 
POLY (2) (3,0) (4,0) 0.5.5 
FB 
7 
99 
POLY (5) VB vC VE VLP 
+ VLN 0 57.62E6 -60E6 60E6 60E6 -60E6 
GA 
6 
0 
11 
1226.86E-6 
GCM 
0 
6 
10 
99 2.686E-9 
ISS 
3 
10 
DC 3.1E-6 
HLiM 
90 
0 
VLlM 1K 
J1 
11 
2 
10JX 
J2 
12 
1 
10JX 
R2 
6 
9 
100.0E3 
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The 
TLC2262 
and 
TLC2264 
are 
dual 
and 
quadruple 
operational 
amplifiers 
from 
Texas 
Instruments. 
Both 
devices 
exhibit 
rail-to-rail 
output performance for increased dynamic range 
in 
single- 
or 
split-supply 
applications. 
The 
TLC226x family offers a compromise between the 
micropower TLC225x and the ac performance of 
the TLC227x. 
It has low supply current for 
battery-powered applications, while still having 
adequate ac performance for applications that 
demand it. The noise performance has been 
dramatically improved over previous generations 
of CMOS amplifiers. Figure 1 depicts the low level 
of noise voltage for this CMOS amplifier, which 
has only 200 ~ 
(typ) of supply current per 
amplifier. 


The TLC226x, exhibiting high input impedance 
and low noise, are excellent for small-signal 
conditioning for high-impedance sources, such as 
piezoelectric transducers. Because of the micro- 
power dissipation levels, these devices work well 
in hand-held 
monitoring 
and 
remote-sensing 
applications. In addition, the rail-to-rail output feature with single or split supplies makes this family a great 
choice when interfacing with analog-to-digital converters (ADCs). For precision applications, the TLC226xA 
family is available and has a maximum input offset voltage of 950 /-lV.This family is fully characterized at 5 V 
and ±5 V. 


• 
Output Swing includes 
Both Supply Rails 


• 
Low Noise ... 
12 nV/\IHZ Typ at f = 1 kHz 


• 
Low Input Bias Current ... 
1 pA Typ 


• 
Fully Specified for Both Single-Supply 
and 
Split-Supply 
Operation 


• 
Low Power ... 
500 /-lAMax 
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• 
Common-Mode 
Input Voltage Range 
Includes Negative Rail 


• 
Low Input Offset Voltage 
950 /-lVMax at TA = 25°C (TLC2262A) 


• 
Macromodel 
Included 
• 
Performance 
Upgrade for the TS27M2IM4 
and TLC27M2IM4 


VOO=5V 
Rs=20n 
TA = 25°C 


\ 
'\ 
" 
..••••....-.. 


102 
103 


f - Frequency 
- Hz 


The TLC2262/4 also makes great upgrades to the TLC27M2/L4 or TS27M2/L4 in standard designs. They offer 
increased output dynamic range, lower noise voltage and lower input offset voltage. This enhanced feature set 
allows them to be used in a wider range of applications. For applications that require higher output drive and 
wider input voltage range, see the TLV2432 and TLV2442. If your design requires single amplifiers, please see 
the TLV2211/21/31 family. These devices are single rail-to-rail operational amplifiers in the SOT-23 package. 
Their small size and low power consumption, make them ideal for high density, battery-powered equipment. 


;:~~;T~~~o~:1~ 
sl~::~~~sl~~~~~~~r:~ 
g:-te~:~~~~~mdea~fs 
standard 
warranty. 
Production 
processing 
does 
not necessarily 
Include 
testing 
of all parameters. 
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PACKAGED DEVICES 


VIOmax 
CHIP 


TA 
SMALL 
CHIP 
CERAMIC 
PLASTIC 
TSSOP 
CERAMIC 
FORM 
AT 25°C 
OUTLINE 
CARRIER 
DIP 
DIP 
FLATPACK 
(D) 
(FK) 
(JG) 
(P) 
(PW) 
(U) 
(V) 


DoCto 
2.5mV 
TLC2262CD 
TLC2262CP 
TLC2262CPWLE 
70°C 
- 
- 
- , 


-40°C 
to 
950llV 
TLC2262AID 
- 
- 
TLC2262AIP 
TLC2262AI PWLE 
- 
TLC2262Y 
125°C 
2.5mV 
TLC22621D 
- 
- 
TLC22621P 
- 
- 


-55°C 
to 
950llV 
- 
TLC2262AMFK 
TLC2262AMJG 
- 
- 
TLC2262AMU 
125°C 
2.5mV 
- 
TLC2262MFK 
TLC2262MJG 
- 
- 
TLC2262MU 


The D packages are available taped and reeled. Add R suffix to device type (e.g., TLC2262CDR). 
The PW package is available only left-end taped 
and reeled. Chips are tested at 25°C. 


PACKAGED DEVICES 


Vlomax 
CHIP 


TA 
SMALL 
CHIP 
CERAMIC 
PLASTIC 
TSSOP 
CERAMIC 
FORM 
AT 25°C 
OUTLINE 
CARRIER 
DIP 
DIP 
FLATPACK 
(D) 
(FK) 
(J) 
(N) 
(PW) 
(W) 
(V) 


O°Cto 
2.5mV 
TLC2264CD 
TLC2264CN 
TLC2264CPWLE 
70°C 
- 
- 
- 


-40°C 
to 
950llV 
TLC2264AID 
- 
- 
TLC2264AIN 
TLC2264AIPWLE 
- 
TLC2262Y 
125°C 
2.5mV 
TLC22641D 
- 
- 
TLC22641N 
- 
- 


-55°C 
to 
950llV 
- 
TLC2264AMFK 
TLC2264AMJ 
- 
- 
TLC2264AMW 
125°C 
2.5mV 
- 
TLC2264MFK 
TLC2264MJ 
- 
- 
TLC2264MW 


The D packages are available taped and reeled. Add R suffix to device type (e.g., TLC2264CDR). 
The PW package is available only left-end taped 
and reeled. Chips are tested at 25°C. 
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TLC2262C,TLC2262AC 
TLC22621, TLC2262AI 
D, P, OR PW PACKAGE 
(TOP VIEW) 


10UT[J8 
VOO+ 
11N- 
2 
7 
20UT 
11N+ 
3 
6 
21N- 
VOO_/GND 
4 
5 
21N+ 


TLC2262M, 
TLC2262AM 
... 
JG PACKAGE 
(TOP VIEW) 


1OUT[J8 
VOO+ 
11N- 
2 
7 
20UT 
11N+ 
3 
6 
21N- 
VOO_/GND 
4 
5 
21N+ 


TLC2264C,TLC2264AC 
TLC22641, TLC2264AI 
D, N, OR PW PACKAGE 


(TOP VIEW) 


10UT 
1 U 14 
11N- 
2 
13 
11N+ 
3 
12 
VOO+ 
4 
11 
21N+ 
5 
10 
21N- 
6 
9 
20UT 
7 
8 
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TLC2262M, 
TLC2262AM 
... 
FK PACKAGE 
(TOP VIEW) 


f- 
+ 
::> 
Cl 
~ 2 ~ ~~ 


NC 
11N- 
NC 
lIN+ 


NC 


3 2 
1 2019 
4 
18 
5 
17 
6 
16 
7 
15 
8 
14 
9 10 11 1213 


NC 
20UT 


NC 
21N- 


NC 


OClO+O 
zzzzz 
C) 
(\j 
~ 
~ 


TLC2262M, 
TLC2262AM 
... 
U PACKAGE 


(TOP VIEW) 


NC 
10UT 
11N- 


11N + 
Vcc_/GND 


e1 
10 
2 
9 
3 
8 
4 
7 
5 
6 


NC 
VCC+ 
20UT 
21N- 
21N+ 


TLC2264M, 
TLC2264AM 
.•• 
FK PACKAGE 


(TOP VIEW) 


I ':i ':i I 
~OOO~ 
~~z"<t"<t 


TLC2264M, 
TLC2264AM 
... 
J OR W PACKAGE 


(TOP VIEW) 


10UT 
1 U 14 
11N- 
2 
13 
11N+ 3 
12 
VOO+ 
4 
11 
21N+ 
5 
10 
21N- 
6 
9 


20UT 
7 
8 


40UT 
41N- 
41N+ 
Voo_/GND 
31N+ 
31N- 
30UT 


40UT 
41N- 
41N+ 
Voo_/GND 
31N+ 
31N- 
30UT 


11N+ 
NC 


VCC+ 
NC 
21N+ 


3 2 
1 20 19 
4 
18 
5 
17 
6 
16 
7 
15 
8 
14 
9 10 11 12 13 


41N+ 


NC 
VCC_/GND 


NC 
31N+ 
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TLC2262Y 
chip information 


This chip, when properly assembled, displays characteristics similar to the TLC2262C. Thermal compression 
or ultrasonic bonding may be used on the doped-aluminum bonding pads. This chip may be mounted with 
conductive epoxy or a gold-silicon preform. 


CHIP THICKNESS: 
15 MILS TYPICAL 


BONDING 
PADS: 4 x 4 MILS MINIMUM 


TJmax = 150°C 


TOLERANCES 
ARE ±10%. 


ALL DIMENSIONS 
ARE IN MILS. 


PIN (4) IS INTERNALLY 
CONNECTED 
TO BACKSIDE 
OF CHIP. 
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TLC2264Y 
chip information 


This chip, when properly assembled, displays characteristics similar to the TLC2264C. Thermal compression 
or ultrasonic bonding may be used on the doped-aluminum bonding pads. This chip may be mounted with 
conductive epoxy or a gold-silicon preform. 


CHIP THICKNESS: 
15 MILS TYPICAL 


BONDING PADS: 4 x 4 MILS MINIMUM 


TJmax = 150°C 


TOLERANCES 
ARE ±10%. 


ALL DIMENSIONS 
ARE IN MILS. 


PIN (11) IS INTERNALLY 
CONNECTED 
TO BACKSIDE 
OF THE CHIP. 
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b 
equivalent schematic (each amplifier) 
0»-1 
"c.r- 
CD 
m<O 
0 


VOO+ 
:cm N 
::IN 
~g ~ 
-c.- 
Q3 
Q6 
Q12 
0r--I 
z_.r- 
»::JO 
r-ON 
»=s:N 
=S:O~ 
"w» 
r- -i- 
_;:;-1 
::!!:cr- 
IN+ 
m»O 
:C-N 
OUT 
Wr-N 
C1 
'en 
-1)( 


IN-i 


RS 
9-< 


." 
:c 
0 
» 
(J) 
...• 
j= 
~-4r 
~z ..... 
mC/) 
i.!l...j 


m ~r;;I 
~t::~ 
w~ 
~mC/) 
Q2 
QS 
Q7 
QS 
Q10 
Q11 
s;z 
~...j 
~C/) 
R3 
R4 
R1 
R2 


(J) 
~ 
m 


VOO-/GNO 


ACTUAL 
OEVICE COMPONENT 
COUNTt 


COMPONENT 
TLC2262 
TLC2264 


Transistors 
38 
76 


Resistors 
28 
56 


Diodes 
9 
18 


Capacitors 
3 
6 
Includes both am lifiers and all ESD, bias, and trim circuit 
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 


Supply voltage. Voo+ (see Note 1) 
8 V 
Supply voltage, Voo- 
(see Note 1) 
-8 V 
Differential input voltage, VID (see Note 2) 
± 16 V 
Input voltage, VI (any input, see Note 1) 
Voo- - 0.3 V to Voo+ 
Input current, II (each input) 
±5 mA 
Output current, 10 
±50 mA 
Total current into VOO+ 
±50 mA 
Total current out of Voo- 
±50 mA 
Duration of short-circuit current at (or below) 25°C (see Note 3) 
unlimited 
Continuous total dissipation 
See Dissipation Rating Table 
Operating free-air temperature range, TA: 
C suffix 
O°Cto 70°C 
I suffix 
-40°C to 125°C 
M suffix 
-55°C to 125°C 
Storage temperature range, Tstg 
-65°C to 150°C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: D, N, P,and PW packages 
260°C 
J, JG, U, and W packages 
300°C 


t Stresses beyond those listed under "absolute maximum ratings· may cause permanent damage to the device. These are stress ratings only. and 
functional 
operation of the device at these or any other conditions 
beyond those indicated under "recommended 
operating conditions· 
is not 
implied. Exposure to absolute-maximum-rated 
conditions for extended periods may affect device reliabiiity. 


NOTES: 
1. 
All voltage values. except differential voltages, are with respect to the midpoint between voo+ 
and YOO _. 


2. 
Oifferential voltages are at IN+ with respect to IN-. 
Excessive current flows if input is brought below YOO- 
- 0.3 V. 


3. 
The output may be shorted to either supply. Temperature 
and/or supply voltages must be limited to ensure that the maximum 
dissipation rating is not exceeded. 


PACKAGE 
TA'; 
25°C 
DERATING FACTOR 
TA=70°C 
TA = 85°C 
TA = 125°C 
POWER RATING 
ABOVE TA = 25°C 
POWER RATING 
POWER RATING 
POWER RATING 


D-8 
725mW 
5.8 mW/oC 
464mW 
377mW 
145mW 


D-14 
950mW 
7.6 mW/oC 
608mW 
494mW 
190mW 
FK 
1375mW 
11.0mW/oC 
880mW 
715mW 
275mW 


J 
1375mW 
11.0mW/oC 
880mW 
715mW 
275mW 


JG 
1050mW 
8.4mW/oC 
672mW 
546mW 
210mW 


N 
1150 mW 
9.2 mW/oC 
736mW 
598mW 
230mW 


P 
1000 mW 
8.0 mW/oC 
640mW 
520 mW 
200mW 


PW--8 
525mW 
4.2 mW/oC 
336mW 
273mW 
105mW 


PW-14 
700mW 
5.6 mW/oC 
448mW 
364mW 
140mW 


U 
700mW 
5.5 mW/oC 
452mW 
370mW 
150mW 


W 
700mW 
5.5 mW/oC 
452mW 
370mW 
150mW 


CSUFFIX 
I SUFFIX 
M SUFFIX 
UNIT 
MIN 
MAX 
MIN 
MAX 
MIN 
MAX 


Supply voltage, YOO± 
±2.2 
±8 
±2.2 
±8 
±2.2 
±8 
Y 


Input voltage range, VI 
VOO- 
YOO+-1.5 
YOO- 
VOO+-1.5 
VOO- 
YOO+-1.5 
Y 


Common-mode 
input voltage, YIC 
Voo- 
YOO+-1.5 
Yoo- 
YOO+-1.5 
Voo- 
YOO+-1.5 
Y 


Operating free-air temperature, 
TA 
0 
70 
-40 
125 
-55 
125 
°C 
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TLC2262C 
electrical 
characteristics 
at specified free-air temperature, 
Voo = 5 V (unless otherwise 


noted) 


TAt 
TLC2262C 
PARAMETER 
TEST CONDITIONS 
UNIT 
MIN 
TYP 
MAX 


25°C 
300 
2500 
VIO 
Input offset voltage 


Full range 
3000 
llV 


Temperature coefficient of input offset voltage 
25°C 
2 
llV/oC 
aVIO 
to 70°C 


Input offset voltage long-term drift 
VIC=O, 
VOO± = ±2.5 V, 
25°C 
0.003 
llV/mo 
(see Note 4) 
VO=O, 
RS = 50 n 


25°C 
0.5 
110 
Input offset current 


Full range 
100 


pA 


25°C 
1 
liB 
Input bias current 
Full range 
100 


pA 


0 
-0.3 
25°C 
to 
to 
4 
4.2 
VICR 
Common-mode 
input voltage range 
RS=50n, 
IV101,;;5mV 
V 
0 


Full range 
to 
3.5 


10H = -20 
llA 
25°C 
4.99 


25°C 
4.85 
4.94 


VOH 
High-level output voltage 
10H = -100 
llA 


Full range 
4.82 
V 


25°C 
4.70 
4.85 
10H = -400 
llA 
Full range 
4.60 


VIC = 2.5 V, 
IOL= 
5011A 
25°C 
0.01 


25°C 
0.09 
0.15 
VIC=2.5 
V, 
10L = 500 llA 
Full range 
0.15 


VOL 
Low-level output voltage 
25°C 
0.2 
0.3 
V 
VIC=2.5 
V, 
IOL= 
1 mA 
Full range 
0.3 


25°C 
0.7 
1 
VIC =2.5 V, 
10L= 
4 mA 
Full range 
1.2 


25°C 
80 
170 


AVO 
Large-signal 
differential voltage amplification 
VIC =2.5 V, 
RL = 50 kn+ 
Full range 
55 
V/mV 
VO=1 
Vt04V 


RL= 
1 Mnl 
25°C 
550 


q(d) 
Oifferential input resistance 
25°C 
1012 
n 


q(c) 
Common-mode 
input resistance 
25°C 
1012 
n 


Ci(c) 
Common-mode 
input capacitance 
f = 10 kHz, 
P package 
25°C 
8 
pF 


Zo 
Closed-loop output impedance 
f = 100 kHz, 
AV= 
10 
25°C 
240 
n 


VIC = 0 to 2.7 V, 
VO=2.5V, 
25°C 
70 
83 
CMRR 
Common-mode 
rejection ratio 
dB 
RS = 50n 
Full range 
70 


VOO = 4.4 V to 16 V, 
25°C 
80 
95 
kSVR 
Supply-voltage 
rejection ratio (6Vool6VIO) 
dB 
VIC =VOO/2, 
No load 
Full range 
80 


25°C 
400 
500 


100 
Supply current 
VO=2.5V, 
No load 
llA 


Full range 
500 
t Full range is DoCto 70°C. 
l Referenced to 2.5 V 
NOTE 4: 
Typical values are based on the input offset voltage shift observed through 500 hours of operating life test at TA = 150°C extrapolated 
to TA = 25°C using the Arrhenius equation and assuming an activation energy of 0.96 eV. 
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TAt 
TLC2262C 
PARAMETER 
TEST CONDITIONS 
UNIT 
MIN 
TYP 
MAX 


Vo = 1.5 V to 3.5 V, 
RL = 50 kQ:j:, 
25°C 
0.35 
0.55 
SR 
Slew rate at unity gain 
V/~s 
CL = 100 pF:j: 
Full range 
0.3 


f= 10 Hz 
25°C 
40 
Vn 
Equivalent input noise voltage 
f = 1 kHz 
25°C 
12 


nV/-fHZ 


Peak-to-peak 
equivalent input noise 
f = 0.1 Hz to 1 Hz 
25°C 
0.7 


VN(PP) 
voltage 
f = 0.1 Hz to 10Hz 
25°C 
1.3 
~V 


In 
Equivalent input noise current 
25°C 
0.6 
fA-fHZ 


Vo = 0.5 V to 2.5 V, 
AV= 
1 
0.017% 


THD+ 
N 
Total harmonic distortion plus noise 
f = 20 kHz, 
25°C 
RL = 50 kQ:j: 
AV= 10 
0.03% 


Gain-bandwidth 
product 
f = 10 kHz, 
RL=50 
kQ:j:, 
25°C 
0.71 
MHz 
CL = 100 pF:j: 


BOM 
Maximum output-swing 
bandwidth 
VO(PP) =2 V, 
AV= 
1, 
25°C 
185 
kHz 
RL = 50 kQ:j:, 
CL = 100 pF:j: 


AV=-1, 
ToO.1% 
6.4 


ts 
Settling time 
Step = 0.5 V to 2.5 V, 
25°C 
~s 
RL = 50 kQ:j:, 
CL = 100 pF:j: 
To 0.01% 
14.1 


$m 
Phase margin at unity gain 
RL = 50 kQ:j:, 
CL = 100 pF:j: 
25°C 
56° 


Gain margin 
25°C 
11 
dB 
t Full range is O°C to 70°C. 
:j:Referenced to 2.5 V 
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TLC2262C 
electrical 
characteristics 
at specified 
free-air 
temperature, 
Voo± 
= ±5 
V (unless 
otherwise 
specified) 


TAt 
TLC2262C 
PARAMETER 
TEST CONDITIONS 
UNIT 
MIN 
TYP 
MAX 


25°C 
300 
2500 
Via 
Input offset voltage 
Full range 
3000 
IN 


Temperature coefficient of input offset voltage 
25°C 
2 
JlV/oC 
aVIO 
to 70°C 


Input offset voltage long-term drift (see Note 4) 
VIC=O, 
VO=O, 
25°C 
0.003 
JlV/mo 
RS =50Q 
25°C 
0.5 
110 
Input offset current 
Full range 
100 
pA 


25°C 
1 
liB 
Input bias current 
Full range 
100 
pA 


-5 
-5.3 
25°C 
to 
to 
4 
4.2 
VICR 
Common-mode 
input voltage range 
,VI01,,5mV, 
RS =50Q 
V 
-5 
Full range 
to 
3.5 


10 = -20 
JlA 
25°C 
4.99 


25°C 
4.85 
4.94 


VOM+ 
Maximum positive peak output voltage 
10 = -100 
JlA 
Full range 
4.82 
V 


25°C 
4.7 
4.85 
10 = -400 
JlA 
Full range 
4.6 


VIC=O, 
10 = 50JlA 
25°C 
-4.99 


25°C 
-4.85 
-4.91 
VIC=O, 
10 = 500 JlA 
Full range 
-4.85 


VOM- 
Maximum negative peak output voltage 
25°C 
-4.7 
-4.8 
V 
VIC=O, 
10= 
1 mA 
Full range 
-4.7 


25°C 
-4 
-4.3 
VIC=O, 
10= 
4mA 
Full range 
-3.8 


25°C 
80 
200 


AVD 
Large-signal differential voltage amplification 
Va =±4 
V 
RL=50 
kQ 
Full range 
55 
V/mV 


RL= 
1 MQ 
25°C 
1000 


rj(d) 
Differential input resistance 
25°C 
1012 
Q 


rj{c) 
Common-mode 
input resistance 
25'C 
1012 
Q 


Ci(cl 
Common-mode 
input capacitance 
f = 10 kHz, 
P package 
25°C 
8 
pF 


zo 
Closed-loop output impedance 
f = 100 kHz, 
AV= 
10 
25°C 
220 
Q 


VIC = -5 V to 2.7 V, 
25°C 
75 
88 
CMRR 
Common-mode 
rejection ratio 
dB 
VO= 
OV, 
RS=50Q 
Full range 
75 


VDD± = 2.2 V to ±8 V, 
25°C 
80 
95 
kSVR 
Supply-voltage 
rejection ratio (AVDD± IAVIO) 
dB 
VIC=O, 
No load 
Full range 
80 


IDD 
Supply current 


25°C 
425 
500 
Va = 0 V, 
No load 
JlA 
Full range 
500 
t Full range is O°C to 70°C. 
NOTE 4: 
Typical values are based on the input offset voltage shift observed through 500 hours of operating life test at TA = 150°C extrapolated 
to TA = 25°C using the Arrhenius equation and assuming an activation energy of 0.96 eV. 
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TAt 
TLC2262C 
PARAMETER 
TEST CONDITIONS 
UNIT 
MIN 
TYP 
MAX 


25°C 
0.35 
0.55 


SR 
Slew rate at unity gain 
VO=±1.9V, 
RL = 50 kQ, 


Full 
V/IJ.S 
CL = 100 pF 
0.3 
range 


1= 10 Hz 
25°C 
43 
Vn 
Equivalent input noise voltage 
25°C 
nV/{Hz 
1= 1 kHz 
12 


Peak-to-peak 
equivalent 
input noise 
1= 0.1 Hz to 1 Hz 
25°C 
0.8 
VN(PP) 
voltage 
1=0.1 
Hzt010Hz 
25°C 
1.3 
~V 


In 
Equivalent input noise current 
25°C 
0.6 
IA{Hz 


VO=±2.3 
V, 
AV= 
1 
0.014% 


THD+ 
N 
Total harmonic distortion pulse duration 
1= 20 kHz, 
25°C 
RL=50 
!ill 
AV=10 
0.024% 


Gain-bandwidth 
product 
1= 10 kHz, 
RL = 50 kQ, 
25°C 
0.73 
MHz 
CL=100pF 


BOM 
Maximum output-swing 
bandwidth 
VO(PP) = 4.6 V, 
AV= 
1, 
25°C 
85 
kHz 
RL = 50 kQ, 
CL=100pF 


AV=-1, 
ToO.1% 
7.1 


ts 
Settling time 
Step = -2.3 
V to 2.3 V, 
25°C 
~s 
RL = 50 kQ, 
CL=100pF 
To 0.01% 
16.5 


q,m 
Phase margin at unity gain 
25°C 
57° 


Gain margin 
RL = 50 kQ, 
CL = 100 pF 
25°C 
11 
dB 


~TEXAS 
INSTRUMENTS 


TLC226x,TLC226xA, 
TLC226xY 
Advanced LinCMOSTM RAIL-TO-RAIL 
OPERATIONAL AMPLIFIERS 
SLOS177 
- FEBRUARY 
1997 


TLC2264C 
electrical 
characteristics 
at specified 
free-air temperature, 
Voo = 5 V (unless otherwise 
noted) 


TAt 


TLC2264C 


PARAMETER 
TEST CONDITIONS 
MIN 
TYP 
MAX 
UNIT 


25°C 
300 
2500 
Via 
Input offset voltage 
Full range 
3000 
ilV 


Temperature coefficient of input offset voltage 
25°C 
2 
ilV/oC 
aVIO 
to 70°C 


Input offset voltage long-term drift (see Note 4) 
VIC=O, 
VOO± = ±2.5 V, 
25°C 
0.003 
ilV/mo 
VO=O, 
RS =50Q 
25°C 
0.5 


110 
Input offset current 


Full range 
100 
pA 


25°C 
1 


liB 
Input bias current 
Full range 
100 
pA 


0 
-0.3 
25°C 
to 
to 
4 
4.2 
VICR 
Common-mode 
input voltage range 
RS=50Q, 
IVIO 1";5 mV 
V 
0 
Full range 
to 
3.5 


10H =-20 
ilA 
25°C 
4.99 


25°C 
4.85 
4.94 


VOH 
High-level output voltage 
10H =-1OOilA 
Full range 
4.82 
V 


25°C 
4.70 
4.85 
10H =-4OOilA 
Full range 
4.60 


VIC =2.5 V, 
10L = 50 i!A 
25°C 
0.01 


25°C 
0.09 
0.15 
VIC =2.5 V, 
10L = 500 i!A 
Full range 
0.15 


VOL 
Low-level output voltage 
25°C 
0.2 
0.3 
V 


VIC =2.5 V, 
10L= 
1 mA 
Full range 
0.3 


25°C 
0.7 
1 
VIC =2.5 
V, 
10L= 4 mA 


Full range 
1.2 


25°C 
80 
170 


AvO 
Large-signal 
differential voltage amplification 
VIC =2.5 
V, 
RL = 50 kQ+ 
Full range 
55 
V/mV 
VO=1Vt04V 


RL= 
1 MQ:t: 
25°C 
550 


q(d) 
Differential input resistance 
25°C 
1012 
Q 


q(c) 
Common-mode 
input resistance 
25°C 
1012 
Q 


Cifc) 
Common-mode 
input capacitance 
f = 10 kHz, 
N package 
25°C 
8 
pF 


Zo 
Closed-loop 
output impedance 
f = 100 kHz, 
AV= 
10 
25°C 
240 
Q 


V,C = 0 to 2.7 V, 
VO=2.5V, 
25°C 
70 
83 
CMRR 
Common-mode 
rejection ratio 
dB 
RS=50Q 
Full range 
70 


VOO= 
4.4Vt016V, 
25°C 
80 
95 
kSVR 
Supply-voltage 
rejection ratio (tNOO/~VIO) 
dB 


VIC =VOO/2, 
No load 
Full range 
80 


25°C 
0.8 
1 


100 
Supply current (four amplifiers) 
VO=2.5V, 
No load 
mA 
Full range 
1 
t Full range is O°C to 70°C. 
:t:Referenced to 2.5 V 
NOTE 4. 
Typical values are based on the input offset voltage shift observed through 500 hours of operating life test at TA = 150°C extrapolated 
to TA = 25°C using the Arrhenius equation and assuming an activation energy of 0.96 eV. 
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TLC2264C 
PARAMETER 
TEST CONDITIONS 
TAt 
UNIT 
MIN 
TYP 
MAX 


RL = 50 kfl+, 


25°C 
0.35 
0.55 


SR 
Slew rate at unity gain 
VO=1.4Vt02.6V, 


Full 
V/IlS 
CL = 100 pFI: 
0.3 
range 


f= 
10 Hz 
25°C 
40 
Vn 
Equivalent input noise voltage 
f= 
1 kHz 
25°C 
nV/\IHZ 
12 


Peak-to-peak 
equivalent input noise 
f = 0.1 Hz to 1 Hz 
25°C 
0.7 
VN(PP) 
voltage 
f = 0.1 Hz to 10 Hz 
25°C 
1.3 
IlV 


In 
Equivalent input noise current 
25°C 
0.6 
fA/\IHZ 


Vo = 0.5 V to 2.5 V, 
AV= 
1 
0.017% 


THO + N 
Total harmonic distortion plus noise 
f = 20 kHz, 
25°C 
RL = 50 kQ+ 
AV= 
10 
0.03% 


Gain-bandwidth 
product 
f = 10 kHz, 
RL = 50 kQ+, 
25°C 
0.71 
MHz 
CL = 100 pF+ 


BOM 
Maximum output-swing 
bandwidth 
VO(PP) = 2 V, 
AV= 
1, 
25°C 
185 
kHz 
RL = 50 kfl+, 
CL = 100 pF+ 


AV=-1, 
To 0.1% 
6.4 


ts 
Setttingtime 
Step = 0.5 V to 2.5 V, 
25°C 
IlS 
RL = 50 kQ+, 
CL = 100 pF+ 
To 0.01% 
14.1 


<Pm 
Phase margin at unity gain 
RL = 50 kQ+, 
CL = 100 pF+ 
25°C 
56° 


Gain margin 
25°C 
11 
dB 
t Full range is O°C to 70°C. 
+ Referenced to 2.5 V 
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TLC2264C 
electrical 
characteristics 
at specified 
free-air 
temperature, 
Voo± 
= ±5 
V (unless 
otherwise 
specified) 


TAt 
TLC2264C 
PARAMETER 
TEST CONDITIONS 
MIN 
TYP 
MAX 
UNIT 


25°C 
300 
2500 
VIO 
Input offset voltage 
Full range 
3000 
~V 


Temperature coefficient of input offset voltage 
25°C 
2 
~V/oC 
aVIO 
to 70°C 


Input offset voltage long-term drift (see Note 4) 
VIC=O, 
VO=O, 
25°C 
0.003 
~V/mo 
RS = 50n 
25°C 
0.5 
110 
Input offset current 
Full range 
100 
pA 


25°C 
1 
liB 
Input bias current 
Full range 
100 
pA 


-5 
-5.3 
25°C 
to 
to 
4 
4.2 
VICR 
Common-mode 
input voltage range 
IVI01$5mV, 
RS= 50n 
V 
-5 
Full range 
to 
3.5 


10=-20~ 
25°C 
4.99 


25°C 
4.85 
4.94 


VOM+ 
Maximum positive peak output voltage 
10 =-100~A 
Full range 
4.82 
V 


25°C 
4.7 
4.85 
10=-400~ 
Full range 
4.6 


VIC=O, 
10=50~ 
25°C 
-4.99 


25°C 
-4.85 
-4.91 
VIC=O, 
10=500~ 
Full range 
-4.85 


VOM- 
Maximum negative peak output voltage 
25°C 
-4.7 
-4.8 
V 
VIC=O, 
10=1 
mA 
Full range 
-4.7 


25°C 
-4 
-4.3 
VIC=O, 
10=4mA 
Full range 
-3.8 


25°C 
80 
200 


AVD 
Large-signal 
differential voltage amplification 
VO=±4 
V 
RL = 50 kn 
Full range 
55 
V/mV 


RL= 
1 Mn 
25°C 
1000 


r;(d) 
Differential input resistance 
25°C 
1012 
n 


r;(c) 
Common-mode 
input resistance 
25°C 
1012 
n 


Ci(c) 
Common-mode 
input capacitance 
f = 10 kHz, 
N package 
25°C 
8 
pF 


Zo 
Closed-loop output impedance 
f = 100 kHz, 
AV= 
10 
25°C 
220 
n 


VIC = -5 V to 2.7 V, 
25°C 
75 
88 
CMRR 
Common-mode 
rejection ratio 
dB 
VO=O, 
RS = 50n 
Full range 
75 


VDD± = ±2.2 V to ±8 V. 
25°C 
80 
95 
kSVR 
Supply-voltage 
rejection ratio (AVDD± IAVIO) 
dB 
VIC=O. 
No load 
Full range 
80 


25°C 
0.85 
1 
IDD 
Supply current (four amplifiers) 
VO=O. 
No load 
mA 
Full range 
1 
t Full range is O°C to 70°C. 
NOTE 4: 
Typical values are based on the input offset voltage shift observed through 500 hours of operating life test at TA = 150°C extrapolated 
to TA = 25°C using the Arrhenius equation and assuming an activation energy of 0.96 eV. 
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TLC2264C 
PARAMETER 
TEST CONDITIONS 
TAt 
UNIT 
MIN 
TYP 
MAX 


25°C 
0.35 
0.55 


SR 
Slew rate at unity gain 
VO=±1.9V, 
RL = 50 kQ, 


Full 
VIJls 
CL = 100 pF 
0.3 
range 


f= 10 Hz 
25°C 
43 
Vn 
Equivalent input noise voltage 
25°C 
nVI-JRZ 
f = 1 kHz 
12 


Peak-to-peak 
equivalent 
input noise 
f = 0.1 Hz to 1 Hz 
25°C 
0.8 
VN(PP) 
voltage 
f = 0.1 Hz to 10 Hz 
25°C 
1.3 
JlV 


In 
Equivalent input noise current 
25°C 
0.6 
fA/-JRZ 


VO=±2.3V, 
AV= 
1 
0.014% 


THD+ 
N 
Total harmonic distortion plus noise 
f = 20 kHz, 
25°C 
RL = 50 krl 
AV= 
10 
0.024% 


Gain-bandwidth 
product 
f= 10 kHz, 
RL = 50 kQ, 
25°C 
0.73 
MHz 
CL = 100 pF 


BOM 
Maximum output-swing 
bandwidth 
VO(PP) = 4.6 V, 
AV= 
1, 
25°C 
70 
kHz 
RL = 50 kQ, 
CL = 100 pF 


AV=-1, 
To 0.1% 
7.1 


ts 
Settling time 
Step = -2.3 
V to 2.3 V, 
25°C 
Jls 
RL = 50 kQ, 
CL = 100 pF 
To 0.01% 
16.5 


<l>m 
Phase margin at unity gain 
25°C 
57" 


Gain margin 
RL = 50 kQ, 
CL = 100 pF 
25°C 
11 
dB 
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TLC22621 electrical 
characteristics 
at specified 
free-air temperature, 
Voo = 5 V (unless otherwise 
noted) 


TAt 


TlC22621 
TlC2262AI 
PARAMETER 
TEST CONDITIONS 
UNIT 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


25°C 
300 
2500 
300 
950 
VIO 
Input offset voltage 
Full range 
3000 
1500 
,.tV 


Temperature coefficient 
25°C 
2 
2 
!lV/oC 
aVIO 
01input offset voltage 
to 85°C 


Input offset voltage 
VOO± = ±2.5 V, 
VIC=O, 
long-term drift 
VO=O, 
RS=50n 
25°C 
0.003 
0.003 
!lV/mo 
(see Note 4) 


25°C 
0.5 
0.5 


110 
Input offset current 


Full range 
500 
500 
pA 


25°C 
1 
1 


liB 
Input bias current 
Full range 
500 
500 
pA 


0 
-0.3 
0 
-0.3 
25°C 
to 
to 
to 
to 


Common-mode 
input 
4 
4.2 
4 
4.2 
VICR 
voltage range 
RS = 50 n, 
IVIO 1,,5 mV 
V 
0 
0 


Full range 
to 
to 
3.5 
3.5 


10H =-20!lA 
25°C 
4.99 
4.99 


25°C 
4.85 
4.94 
4.85 
4.94 


VOH 
High-level output voltage 
10H = -100!J.A 


Full range 
4.82 
4.82 
V 


25°C 
4.7 
4.85 
4.7 
4.85 
10H = -400 
!J.A 


Full range 
4.5 
4.5 


VIC = 2.5 V, 
10L = 50!J.A 
25°C 
0.01 
0.01 


25°C 
0.09 
0.15 
0.09 
0.15 


VOL 
Low-level output voltage 
VIC=2.5 
V, 
10l = 500!J.A 


Full range 
0.15 
0.15 
V 


25°C 
0.8 
1 
0.7 
1 
VIC = 2.5 V, 
10L= 
4mA 
Full range 
1.2 
1.2 


RL = 50 kQ:j: 
25°C 
80 
100 
80 
170 


AVO 


Large-signal differential 
VIC =2.5 V, 
Full range 
50 
50 
V/mV 
voltage amplification 
VO=1 
Vt04V 


RL= 
1 Mn:j: 
25°C 
550 
550 


rj(d) 


Differential input 
25°C 
1012 
1012 
n 
resistance 


q(c) 


Common-mode 
input 
25°C 
1012 
1012 
n 
resistance 


Ci(c) 
Common-mode 
input 
1= 10 kHz, 
P package 
25°C 
8 
8 
pF 
capacitance 


Zo 


Closed-loop output 
1= 100 kHz, 
AV= 
10 
25°C 
240 
240 
n 
impedance 


Common-mode 
rejection 
VIC=Ot02.7V, 
VO=2.5V, 
25°C 
70 
83 
70 
83 
CMRR 
ratio 
RS = 50n 
dB 
Full range 
70 
70 


Supply-voltage 
rejection 
VOO = 4.4 V to 16 V, 
25°C 
80 
95 
80 
95 
kSVR 
ratio (AVOO/AVIO) 
VIC =VOO/2, 
No load 
Full range 
dB 
80 
80 


100 
Supply current 
25°C 
400 
500 
400 
500 
Vo = 2.!5V, 
No load 
!J.A 
Full range 
500 
500 
t Full range is - 40°C to 125°C. 
:j:Relerenced 
to 2.5 V 
NOTE 4: 
Typical values are based on the input offset voltage shift observed through 500 hours 01operating lile test at TA = 150°C extrapolated 
to TA = 25°C using the Arrhenius equation and assuming an activation energy 010.96 eV. 
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TAt 
TLC22621 
TLC2262AI 
PARAMETER 
TEST CONDITIONS 
UNIT 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


25°C 
0.35 
0.55 
0.35 
0.55 


SR 
Slew rate at unity 
Va = 1.5 V to 3.5 V, 
RL = 50 kfl:l:, 


Full 
VIlIS 
gain 
CL = 100 pF:I: 
0.25 
0.25 
range 


Equivalent input 
1= 10 Hz 
25°C 
40 
40 
Vn 
nV/...JHZ 
noise voltage 
1= 1 kHz 
25°C 
12 
12 


Peak-to-peak 
1= 0.1 Hz to 1 Hz 
25°C 
0.7 
0.7 
VN(PP) 
equivalent 
input 
lIV 
noise voltage 
1=0.1 
Hzt010Hz 
25°C 
1.3 
1.3 


In 
Equivalent input 
25°C 
0.6 
0.6 
IA...JHZ 
noise current 


Total harmonic 
Va = 0.5 V to 2.5 V, 
AV= 
1 
0.017% 
0.017% 


THO + N 
distortion plus 
1= 20 kHz, 
25°C 
noise 
RL = 50 kn:l: 
AV= 
10 
0.03% 
0.03% 


Gain-bandwidth 
1= 50 kHz, 
RL = 50 kfl+, 
25°C 
0.82 
0.82 
MHz 
product 
CL = 100 pF:I: 


BOM 
Maximum output- 
VO(PP) = 2 V, 
AV= 
1, 
25°C 
185 
185 
kHz 
swing bandwidth 
RL = 50 kfl:l:, 
CL = 100 pF:I: 


AV=-1, 
ToO.1% 
6.4 
6.4 


ts 
Settling time 
Step = 0.5 V to 2.5 V, 
25°C 
liS 
RL=50 
kn:l:, 


CL = 100 pF:I: 
To 0.01% 
14.1 
14.1 


<l>m 
Phase margin at 
25°C 
56° 
56° 
unity gain 
RL = 50 kn+, 
CL = 100 pF+ 


Gain margin 
25°C 
11 
11 
dB 
t Full range is - 40°C to 125°C. 
:I:Relerenced 
to 2.5 V 
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TLC22621 electrical 
characteristics 
at specified free-air temperature, Voo± = ±5 V (unless otherwise 
noted) 


TAt 
TLC22621 
TLC2262AI 
PARAMETER 
TEST CONDITIONS 
UNIT 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


25°C 
300 
2500 
300 
950 
Via 
Input offset voltage 
Full range 
3000 
1500 
jlV 


Temperature coefficient of 
25°C 
2 
2 
jlV/oC 
aVIO 
input offset voltage 
to 85°C 


Input offset voltage 
VIC=O, 
VO=O, 
long-term drift 
25°C 
0.003 
0.003 
jlV/mo 
(see Note 4) 
RS=50n 


25°C 
0.5 
0.5 
110 
Input offset current 
Full range 
500 
500 
pA 


25°C 
1 
1 
liB 
Input bias current 
Full range 
500 
500 
pA 


25°C 
-5 
-5.3 
-5 
-5.3 


Common-mode 
input 
t04 
to 4.2 
t04 
to 4.2 
VICR 
voltage range 
RS=50n, 
IV101,;5mV 
V 


Full range 
-5 
-5 
to 3.5 
to 3.5 


10 = -20 
jlA 
25°C 
4.99 
4.99 


25°C 
4.85 
4.94 
4.85 
4.94 


VOM+ 
Maximum positive peak 
10 = -100 
jlA 
Full range 
4.82 
4.82 
V 
output voltage 
25°C 
4.7 
4.85 
4.7 
4.85 
10 = -400 
jlA 
Full range 
4.5 
4.5 


VIC=O, 
10 = 50 jlA 
25°C 
-4.99 
-4.99 


25°C 
-4.85 
-4.91 
-4.85 
-4.91 


VOM- 
Maximum negative peak 
VIC=O, 
10 = 500 jlA 
Full range 
-4.85 
-4.85 
V 
output voltage 
25°C 
-4 
-4.3 
-4 
-4.3 
VIC=O, 
10= 
4mA 
Full range 
-3.8 
-3.8 


25°C 
80 
200 
80 
200 


AVO 
Large-signal 
differential 
Vo = ±4 V 
RL = 50 kQ 
Full range 
50 
50 
V/mV 
voltage amplification 
RL= 
1 Mn 
25°C 
1000 
1000 


r;(d) 
Differential input 
25°C 
1012 
1012 
n 
resistance 


r;(c) 
Common-mode 
input 
25°C 
1012 
1012 
n 
resistance 


Ci(c) 
Common-mode 
input 
f=10kHz, 
P package 
25°C 
8 
8 
pF 
capacitance 


Zo 
Closed-loop 
output 
f= 
100 kHz, 
AV= 
10 
25°C 
220 
220 
n 
impedance 


Common-mode 
VIC = -5 
V to 2.7 V, 
25°C 
75 
88 
75 
88 
CMRR 
dB 
rejection ratio 
VO=O, 
RS = 50n 
Full range 
75 
75 


Supply-voltage 
rejection 
VOO = 4.4 V to 16 V, 
25°C 
80 
95 
80 
95 
kSVR 
dB 
ratio (AVOO±/AVIO) 
VIC = VOO/2, No load 
Full range 
80 
80 


25°C 
425 
500 
425 
500 
100 
Supply current 
VO=2.5V, 
No load 
jlA 
Full range 
500 
500 
t Full range is - 40°C to 125°C. 
NOTE 4: 
Typical values are based on the input offset voltage shift observed through 500 hours of operating life test at TA = 150°C ex1rapolated 
to TA = 25°C using the Arrhenius equation and assuming an activation energy of 0.96 eV. 
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TAt 
TLC22621 
TLC2262AI 
PARAMETER 
TEST CONDITIONS 
UNIT 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


25°C 
0.35 
0.55 
0.35 
0.55 


SR 
Slew rate at unity 
VO=±1.9V, 
RL = 50 kQ, 


Full 
V/JJS 
gain 
CL=100pF 
0.25 
0.25 
range 


Equivalent input 
1= 10 Hz 
25°C 
43 
43 
nV/VHZ 
Vn 
noise voltage 
1= 1 kHz 
25°C 
12 
12 


Peak-to-peak 
1= 0.1 Hz to 1 Hz 
25°C 
0.8 
0.8 
VN(PP) 
equivalent input 
!J.V 
noise voltage 
1= 0.1 Hz to 10 Hz 
25°C 
1.3 
1.3 


In 
Equivalent input 
25°C 
0.6 
0.6 
IAVHZ 
noise current 


Total harmonic 
Vo =±2.3V, 
AV= 
1 
0.014% 
0.014% 


THO + N 
distortion plus 
RL = 50 kn, 
25°C 
noise 
1=20 
kHz 
AV= 
10 
0.024% 
0.024% 


Gain-bandwidth 
1=10 
kHz, 
RL = 50 kQ, 
25°C 
0.73 
0.73 
MHz 
product 
CL=100pF 


Maximum 
VO(PP) = 4.6 V, 
AV= 
1, 
BOM 
output-swing 
25°C 
85 
85 
kHz 
bandwidth 
RL = 50 kQ, 
CL = 100 pF 


AV=-1, 
To 0.1% 
7.1 
7.1 


ts 
Settling time 
Step = -2.3 
V to 2.3 V, 
25°C 
!J.s 
RL = 50 kQ, 
CL=100pF 
To 0.01% 
16.5 
16.5 
I 


<Pm 
Phase margin at 
25°C 
57° 
57° 
unity gain 
RL = 50 kQ, 
CL = 100 pF 


Gain margin 
25°C 
11 
11 
dB 
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TLC22641 electrical 
characteristics 
at specified 
free-air temperature, 
Voo = 5 V (unless otherwise 
noted) 


TLC22641 
TLC2264AI 
PARAMETER 
TEST CONDITIONS 
TAt 
UNIT 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


25°C 
300 
2500 
300 
950 
VIO 
Input offset voltage 
Full range 
3000 
1500 
~V 


Temperature coefficient 
25°C 
2 
2 
~V/oC 
aVIO 
of input offset voltage 
to 125°C 


Input offset voltage 
VDD± =d:2.5 V, 
VIC=O, 
25°C 
0.003 
0.003 
~V/mo 
long-term drift (see Note 4) 
VO=O, 
RS = 50n 


25°C 
0.5 
0.5 
110 
Input offset current 
Full range 
500 
500 
pA 


25°C 
1 
1 
liB 
Input bias current 
Full range 
500 
500 
pA 


0 
-0.3 
0 
-0.3 
25°C 
to 
to 
to 
to 


Common-mode 
input 
4 
4.2 
4 
4.2 
VICR 
voltage range 
RS = 50 n, 
IV101,;5mV 
V 
0 
0 
Full range 
to 
to 
3.5 
3.5 


IOH=-20~ 
25°C 
4.99 
4.99 


25°C 
4.85 
4.94 
4.85 
4.94 


VOH 
High-level output 
10H =-100~ 
Full range 
4.82 
4.82 
V 
voltage 
25°C 
4.7 
4.85 
4.7 
4.85 
IOH=-400~ 
Full range 
4.5 
4.5 


VIC=2.5 
V, 
IOL=50~ 
25°C 
0.01 
0.01 


25°C 
0.09 
0.15 
0.09 
0.15 


VOL 
Low-level output 
VIC=2.5V, 
IOL=500~ 
Full range 
0.15 
0.15 
V 
voltage 
25°C 
0.8 
1 
0.7 
1 
VIC=2.5V, 
IOL=4 
mA 
Full range 
1.2 
1.2 


RL = 50 k!1+ 
25°C 
80 
100 
80 
170 


AVD 
Large-signal differential 
VIC =2.5 V, 
Full range 
50 
50 
V/mV 
voltage amplification 
VO=1Vt04V 
RL= 
1 Mn+ 
25°C 
550 
550 


q(d) 
Differential input 
25°C 
1012 
1012 
n 
resistance 


Common-mode 
25°C 
1012 
1012 
n 
q(c) 
input resistance 


Common-mode 
f = 10 kHz, 
N package 
25°C 
8 
8 
pF 
Ci(c) 
input capacitance 


Zo 
Closed-loop 
f = 100 kHz, 
AV= 
10 
25°C 
240 
240 
n 
output impedance 


Common-mode 
VIC = 0 to 2.7 V, 
VO=2.5V, 
25°C 
70 
83 
70 
83 
CMRR 
rejection ratio 
RS=50n 
dB 
Full range 
70 
70 


Supply-voltage 
VDD= 
4.4Vt016V, 
25°C 
80 
95 
80 
95 
kSVR 
rejection ratio 
dB 


(6VDD/6VI0) 
VIC =VDD/2, 
No load 
Full range 
80 
80 


Supply current 
25°C 
0.8 
1 
0.8 
1 
IDD 
Vo = 2.5 V, 
No load 
mA 
(four amplifiers) 
Full range 
1 
1 
t Full range is - 40°C to 125°C. 
+ Referenced to 2.5 V 
NOTE 4: 
Typical values are based on the input offset voltage shift observed through 500 hours of operating life test at TA = 150°C extrapolated 
to TA = 25°C using the Arrhenius equation and assuming an activation energy of 0.96 eV. 
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TAt 
TLC22641 
TLC2264AI 
PARAMETER 
TEST CONDITIONS 
UNIT 


MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


25'C 
0.35 
0.55 
0.35 
0.55 


SR 
Slew rate at unity 
VO= 
1.4Vt02.6V, 
RL=50 
kil:l:, 
V/IlS 
gain 
CL = 100 pF:l: 
Full 
0.25 
0.25 
range 


Equivalent input 
f= 
10 Hz 
25'C 
40 
40 
Vn 
noise voltage 
f= 
1 kHz 
25'C 
12 
12 
nV/VHZ 


Peak-to-peak 
f = 0.1 Hz to 1 Hz 
25'C 
0.7 
0.7 
VN(PP) 
equivalent input 
IlV 
noise voltage 
f = 0.1 Hz to 10Hz 
25'C 
1.3 
1.3 


In 


Equivalent input 
25'C 
0.6 
0.6 
fA/VHZ 
noise current 


Total harmonic 
Vo = 0.5 V to 2.5 V, 
AV= 
1 
0.017% 
0.017% 


THO + N 
distortion plus 
f = 20 kHz, 
25'C 


noise 
RL = 50 kn:l: 
AV= 
10 
0.03% 
0.03% 


Gain-bandwidth 
f= 50 kHz, 
RL=50 
kilt, 
25'C 
0.71 
0.71 
MHz 
product 
CL = 100 pF:l: 


BOM 
Maximum output- 
VO(pp)=2 
V, 
AV= 
1, 
25'C 
185 
185 
kHz 
swing bandwidth 
RL = 50 kn:l:, 
CL = 100 pF:l: 


AV=-1, 
To 0.1% 
6.4 
6.4 


ts 
Settling time 
Step = 0.5 V to 2.5 V, 
25'C 
IlS 
RL = 50 Iill:l:, 
CL = 100 pF:l: 
To 0.01% 
14.1 
14.1 


4'm 
Phase margin at 
25'C 
56' 
56' 
unity gain 
RL = 50 knt, 
CL = 100 pFl: 


Gain margin 
25'C 
11 
11 
dB 


t Full range is - 40'C to 125'C. 
:l:Referenced to 2.5 V 
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TLC22641 electrical characteristics 
at specified free-air temperature, 
Voo± = ±5 V (unless otherwise 


noted) 


TAt 


TLC22641 
TLC2264AI 
PARAMETER 
TEST CONDITIONS 
UNIT 


MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


25°C 
300 
2500 
300 
950 
Via 
Input offset voltage 
Full range 
3000 
1500 


J.IV 


Temperature coefficient of 
25°C 
2 
J.IV/oC 
CIVIO 
input offset voltage 
to 125°C 
2 


Input offset voltage 
VIC=O, 
VO=O, 
long-term drift 
RS=50Q 
25°C 
0.003 
0.003 
J.IV/mo 
(see Note 4) 


25°C 
0.5 
0.5 
110 
Input offset current 
Full range 
500 
500 
pA 


25°C 
1 
1 
liB 
Input bias current 
Full range 
500 
500 
pA 


-5 
-5.3 
-5 
-5.3 
25°C 
to 
to 
to 
to 


Common-mode 
input 
4 
4.2 
4 
4.2 
VICR 
RS=50Q, 
IVI0Is5mV 
V 
voltage range 
-5 
-5 


Full range 
to 
to 
3.5 
3.5 


10 = -20 
J.!A 
25°C 
4.99 
4.99 


25°C 
4.85 
4.94 
4.85 
4.94 


VOM+ 
Maximum positive peak 
10 = -100 
J.!A 
Full range 
4.82 
4.82 
V 
output voltage 
25°C 
4.7 
4.85 
4.7 
4.85 
10 = -400 
J.!A 
Full range 
4.5 
4.5 


VIC=O, 
10 = 50 J.!A 
25°C 
-4.99 
-4.99 


25°C 
-4.85 
-4.91 
-4.85 
-4.91 


VOM- 
Maximum negative peak 
VIC=O, 
10 = 500 J.!A 
Full range 
-4.85 
-4.85 
V 
output voltage 
25°C 
-4 
-4.3 
-4 
-4.3 
VIC=O, 
10=4mA 
Full range 
-3.8 
-3.8 


25°C 
80 
200 
80 
200 


AVD 
Large-signal 
differential 
Va =±4 
V 
RL=50 
kQ 
Full range 
50 
50 
V/mV 
voltage amplification 
RL= 1 MQ 
25°C 
1000 
1000 


r;(d) 


Differential input 
25°C 
1012 
1012 
Q 
resistance 


r;(c) 


Common-mode 
input 
25°C 
1012 
1012 
Q 
resistance 


Ci(c) 
Common-mode 
input 
f = 10 kHz, 
N package 
25°C 
8 
8 
pF 
capacitance 


Zo 
Closed-loop 
output 
f = 100 kHz, 
AV= 
10 
25°C 
220 
220 
Q 
impedance 


CMRR 


Common-mode 
VIC = -5 V to 2.7 V, 
25°C 
75 
88 
75 
88 
rejection ratio 
dB 
VO=O, 
RS=50Q 
Full range 
75 
75 


kSVR 
Supply-voltage 
rejection 
VDD± = ±2.2 V to ±8 V, 
25°C 
80 
95 
80 
95 
ratio (6VDO±/6VI0) 
VIC=VOO/2, 
No load 
Full range 
dB 
80 
80 


'DO 
Supply current 
25°C 
0.85 
1 
0.85 
1 
(four amplifiers) 
VO=O, 
No load 
mA 
Full range 
1 
1 
t Full range is - 40°C to 125°C. 
NOTE 4: 
Typical values are based on the input offset voltage shift observed through 500 hours of operating life test at TA = 150°C extrapolated 
to TA = 25°C using the Arrhenius equation and assuming an activation energy of 0.96 eV. 
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TLC22641 
TLC2264AI 
PARAMETER 
TEST CONDITIONS 
TAt 
UNIT 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


25°C 
0.35 
0.55 
0.35 
0.55 


SR 
Slew rate at unity 
Va = ±1.9 V, 
RL = 50 kQ, 


Full 
V/Jls 
gain 
CL = 100 pF 
0.25 
0.25 
range 


Equivalent input 
f= 
10 Hz 
25°C 
43 
43 
nV/..JHZ 
Vn 
noise voltage 
f = 1 kHz 
25°C 
12 
12 


Peak-to-peak 
f = 0.1 Hz to 1 Hz 
25°C 
0.8 
0.8 
VN(PP) 
equivaient input 
JlV 
noise voitage 
f = 0.1 Hz to 10Hz 
25°C 
1.3 
1.3 


In 
Equivalent input 
25°C 
0.6 
0.6 
fA/..JHZ 
noise current 


Total harmonic 
Va = ±2.3 V, 
Av= 
1 
0.014% 
0.014% 


THO + N 
distortion plus 
RL = 50 kQ, 
25°C 
noise 
f = 20 kHz 
AV= 10 
0.024% 
0.024% 


Gain-bandwidth 
f =10 
kHz, 
RL = 50 kQ, 
25°C 
0.73 
0.73 
MHz 
product 
CL = 100 pF 


BOM 
Maximum output- 
VO(PP) = 4.6 V, 
AV= 
1, 
25°C 
70 
70 
kHz 
swing bandwidth 
RL=50 
kQ, 
CL = 100 pF 


AV=-1, 
To 0.1% 
7.1 
7.1 


ts 
Settling time 
Step = -2.3 
V to 2.3 V, 
25°C 
Jls 
RL = 50 kQ, 
CL = 100 pF 
To 0.01% 
16.5 
16.5 


<l>m 
Phase margin at 
25°C 
57° 
57° 
unity gain 
RL = 50 kQ, 
CL = 100 pF 


Gain margin 
25°C 
11 
11 
dB 
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TLC2262M 
electrical 
characteristics 
at specified free-air temperature, 
Voo = 5 V (unless otherwise 
noted) 


TAt 
TLC2262M 
TLC2262AM 
PARAMETER 
TEST CONDITIONS 
UNIT 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


25°C 
300 
2500 
300 
950 
VIO 
Input offset voltage 
Full range 
3000 
1500 
IlV 


Temperature coefficient 
Full range 
5 
5 
IlV/oC 
aVIO 
of input offset voltage 


Input offset voltage 
VOO± = ±2.5 V, 
VIC=O, 
long-term drift 
VO=O, 
RS=50n 
25°C 
0.003 
0.003 
IlV/mo 
(see Note 4) 


25°C 
0.5 
0.5 
110 
Input offset current 
125°C 
500 
500 
pA 


25°C 
1 
1 
liB 
Input bias current 
125°C 
500 
500 
pA 


0 
-0.3 
0 
-0.3 
25°C 
to 
to 
to 
to 


Common-mode 
input 
4 
4.2 
4 
4.2 
VICR 
RS =50n, 
,VIO 1$5 mV 
V 
voltage range 
0 
0 
Full range 
to 
to 
3.5 
3.5 


10H =-2OIlA 
25°C 
4.99 
4.99 


25°C 
4.85 
4.94 
4.85 
4.94 


VOH 
High-level output 
10H = -100 
IlA 
Full range 
4.82 
4.82 
V 
voltage 
25°C 
4.7 
4.85 
4.7 
4.85 
10H =-4OOIlA 
Full range 
4.5 
4.5 


VIC=2.5V, 
10l = 50 IlA 
25°C 
0.01 
0.01 


25°C 
0.09 
0.15 
0.09 
0.15 


VOL 
low-level 
output 
VIC=2.5 
V, 
10l = 500 IlA 
Full range 
0.15 
0.15 
V 
voltage 
25°C 
0.8 
1 
0.7 
1 
VIC=2.5 
V, 
10l= 
4 mA 
Full range 
1.2 
1.2 


Rl = 50 knl 
25°C 
80 
100 
80 
170 


AVO 
large-signal 
differential 
VIC=2.5 
V, 
Full range 
50 
50 
V/mV 
voltage amplification 
VO=1Vt04V 
Rl= 
1 Mnl 
25°C 
550 
550 


ri(d) 
Oifferential input 
25°C 
1012 
1012 
n 
resistance 


ri(c) 


Common-mode 
input 
25°C 
1012 
1012 
n 
resistance 


Ci(c) 
Common-mode 
input 
f = 10 kHz, 
P package 
25°C 
8 
8 
pF 
capacitance 


zo 
Closed-loop 
output 
f = 100 kHz, 
AV= 
10 
25°C 
240 
240 
n 
impedance 


Common-mode 
VIC = 0 to 2.7 V, 
VO=2.5V, 
25°C 
70 
83 
70 
83 
CMRR 
rejection ratio 
RS = 50n 
dB 
Full range 
70 
70 


Supply-voltage 
rejection 
VOO= 
4.4Vt016V, 
25°C 
80 
95 
80 
95 
kSVR 
ratio (6VOO/tNI0) 
VIC=VOO/2, 
No load 
Full range 
dB 
80 
80 


100 
Supply current 
25°C 
400 
500 
400 
500 
VO=2.5V, 
No load 
IlA 
Full range 
500 
500 
t Full range is - 55°C to 125°C. 
l Referenced to 2.5 V 
NOTE 4: 
Typical values are based on the input offset voltage shift observed through 500 hours of operating life test at TA = 150°C extrapolated 
to TA = 25°C using the Arrhenius equation and assuming an activation energy of 0.96 eV. 
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TAt 


TLC2262M 
TLC2262AM 
PARAMETER 
TEST CONDITIONS 
UNIT 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


25°C 
0.35 
0.55 
0.35 
0.55 


SR 
Slew rate at unity 
Va = 0.5 V to 3.5 V, 
RL = 50 kn:l:, 


Full 
V/IlS 
gain 
CL = 100 pF:l: 
0.25 
0.25 
range 


Equivalent input 
f= 10 Hz 
25°C 
40 
40 
Vn 
nV/1Hz 
noise voltage 
f = 1 kHz 
25°C 
12 
12 


Peak-to-peak 
f = 0.1 Hz to 1 Hz 
25°C 
0.7 
0.7 
VN(PP) 
equivalent input 
IlV 


noise voltage 
f = 0.1 Hz to 10Hz 
25°C 
1.3 
1.3 


In 


Equivalent input 
25°C 
0.6 
0.6 
fA1Hz 
noise current 


Total harmonic 
Va = 0.5 V to 2.5 V, 
AV= 
1 
0.017% 
0.017% 


THD + N 
distortion plus 
f = 20 kHz, 
25°C 


noise 
RL = 50 kn:l: 
AV= 
10 
0.03% 
0.03% 


Gain-bandwidth 
f = 50 kHz, 
RL = 50 kn:l:, 
25°C 
0.82 
0.82 
MHz 
product 
CL = 100 pF:l: 


BOM 
Maximum output- 
VO(PP) =2 V, 
AV= 
1, 
25°C 
185 
185 
kHz 
swing bandwidth 
RL = 50 kn:l:, 
CL = 100 pF:l: 


AV=-1, 
ToO.1% 
6.4 
6.4 


ts 
Settling time 
Step = 0.5 V to 2.5 V, 
25°C 
IlS 
RL = 50 kn:l:, 
CL = 100 pF:l: 
To 0.01% 
14.1 
14.1 


<l>m 
Phase margin at 
25°C 
56° 
56° 
unity gain 
RL = 50 kn:l:, 
CL = 100 pF:l: 


Gain margin 
25°C 
11 
11 
dB 
t Full range is - 55°C to 125°C. 
:l:Referenced to 2.5 V 
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TLC2262M electrical characteristics at specified free-air temperature, Voo± = ±5 V (unless 
otherwise noted) 


TAt 


TLC2262M 
TLC2262AM 
PARAMETER 
TEST CONDITIONS 
UNIT 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


25°C 
300 
2500 
300 
950 
VIO 
Input offset voltage 
Full range 
3000 
1500 
~V 


CIVIO 
Temperature coefficient of 
Full range 
5 
5 
~V/oC 
input offset voltage 


Input offset voltage long- 
VIC=O. 
VO=O. 
25°C 
0.003 
0.003 
~V/mo 
term drift (see Note 4) 
RS = 50n 


25°C 
0.5 
0.5 
'10 
Input offset current 
125°C 
500 
500 
pA 


25°C 
1 
1 
liB 
Input bias current 
125°C 
500 
500 
pA 


-5 
-5.3 
-5 
-5.3 
25°C 
to 
to 
to 
to 


Common-mode 
input 
4 
4.2 
4 
4.2 
VICR 
RS = 50 n. 
IVlol:": 
5mV 
V 
voltage range 
-5 
-5 
Full range 
to 
to 
3.5 
3.5 


10=-20~ 
25°C 
4.99 
4.99 


25°C 
4.85 
4.94 
4.85 
4.94 


VOM+ 
Maximum positive peak 
10=-100~A 
Full range 
4.82 
4.82 
V 
output voltage 
25°C 
4.7 
4.85 
4.7 
4.85 


10=-400~ 
Full range 
4.5 
4.5 


VIC=O. 
10= 
50~ 
25°C 
-4.99 
-4.99 


25°C 
-4.85 
-4.91 
-4.85 
-4.91 


VOM- 
Maximum negative peak 
VIC=O. 
10= 
500~ 
Full range 
-4.85 
-4.85 
V 
output voltage 
25°C 
-4 
-4.3 
-4 
-4.3 
VIC=O. 
10= 
4mA 
Full range 
-3.8 
-3.8 


25°C 
80 
200 
80 
200 


AVD 
Large-signal 
differential 
Vo = ±4 V 
RL = 50 kQ 
Full range 
50 
50 
V/mV 
voltage amplification 
RL= 1 Mn 
25°C 
1000 
1000 


q{d) 
Differential input 
25°C 
1012 
1012 
n 
resistance 


q{c) 
Common-mode 
input 
25°C 
1012 
1012 
n 
resistance 


Ci(c) 
Common-mode 
input 
f = 10 kHz, 
P package 
25°C 
8 
8 
pF 
capacitance 


Zo 
Closed-loop 
output 
f = 100 kHz, 
AV= 
10 
25°C 
220 
220 
n 
impedance 


Common-mode 
VIC = -5 V to 2.7 V, 
25°C 
75 
88 
75 
88 
CMRR 
dB 
rejection ratio 
VO=O, 
RS =50n 
Full range 
75 
75 


Supply-voltage 
rejection 
VDD = 4.4 V to 16 V, 
25°C 
80 
95 
80 
95 
kSVR 
ratio (t,vDD±It.VIO) 
VIC = VDD/2, 
No load 
dB 
Full range 
80 
80 


25°C 
425 
500 
425 
500 
IDD 
Supply current 
VO=O, 
No load 
~A 
Full range 
500 
500 


t Full range is - 55°C to 125°C. 
NOTE 4: 
Typical values are based on the input offset voltage shift observed through 500 hours of operating life test at TA = 150°C ex1rapolated 
to TA = 25°C using the Arrhenius equation and assuming an activation energy of 0.96 eV. 
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TAt 
TLC2262M 
TLC2262AM 
PARAMETER 
TEST CONDITIONS 
UNIT 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


25°C 
0.35 
0.55 
0.35 
0.55 


SR 
Slew rate at unity 
Vo = ±2 V, 
RL = 50 Iill, 


Full 
V/Jls 
gain 
CL = 100 pF 
0.25 
0.25 
range 


Equivalent input 
1= 10 Hz 
25°C 
43 
43 
Vn 
nV/{Hz 
noise voltage 
1= 1 kHz 
25°C 
12 
12 


Peak-to-peak 
1=0.1 
Hzto 
1 Hz 
25°C 
0.8 
0.8 
VN(PP) 
equivalent input 
JlV 
noise voltage 
1= 0.1 Hz to 10Hz 
25°C 
1.3 
1.3 


In 
Equivalent input 
25°C 
0.6 
0.6 
IA{Hz 
noise current 


Total harmonic 
VO=±2.3V, 
AV= 
1 
0.014% 
0.014% 


THD+ 
N 
distortion plus 
RL = 50 kQ, 
25°C 
noise 
1= 20 kHz 
AV= 
10 
0.024% 
0.024% 


Gain-bandwidth 
1=10 
kHz, 
RL = 50 kQ, 
25°C 
0.73 
0.73 
MHz 
product 
CL = 100 pF 


BOM 
Maximum output- 
VO(PP) = 4.6 V, 
AV= 
1, 
25°C 
85 
85 
kHz 
swing bandwidth 
RL = 50 Iill, 
CL = 100 pF 


AV=-1, 
ToO.1% 
7.1 
7.1 


ts 
Settling time 
Step = -2.3 
V tt' 2.3 V, 
25°C 
JlS 
RL = 50 kQ, 
CL = 100 pF 
To 0.01% 
16.5 
16.5 


<l>m 
Phase margin at 
25°C 
5]0 
57° 
unity gain 
RL = 50 Iill, 
CL = 100 pF 


Gain margin 
25°C 
11 
11 
dB 
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TLC2264M 
electrical 
characteristics 
at specified free-air temperature, 
Voo = 5 V (unless otherwise 
noted) 


TLC2264M 
TLC2264AM 
PARAMETER 
TEST CONDITIONS 
TAt 
UNIT 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


25°C 
300 
2500 
300 
950 
VIO 
Input offset voltage 
Full range 
3000 
1500 
,.N 


aVIO 


Temperature coefficient 
Full range 
2 
2 
JlV/oC 
of input offset voltage 


Input offset voltage long- 
VDD± = ±2.5 V, 
VIC=O, 
25°C 
0.003 
0.003 
JlV/mo 
term drift (see Note 4) 
VO=O, 
RS =500 


25°C 
0.5 
0.5 
110 
Input offset current 
125°C 
500 
500 
pA 


25°C 
1 
1 
liB 
Input bias current 
125°C 
500 
500 
pA 


0 
-0.3 
0 
-0.3 
25°C 
to 
to 
to 
to 
Common-mode 
input 
4 
4.2 
4 
4.2 
VICR 
voltage range 
RS=500, 
IVIO 1";5 mV 
V 
0 
0 
Full range 
to 
to 
3.5 
3.5 


10H =-20JlA 
25°C 
4.99 
4.99 


25°C 
4.85 
4.94 
4.85 
4.94 


VOH 
High-level output 
10H = -100 
J1A 
Full range 
4.82 
4.82 
V 
voltage 
25°C 
4.7 
4.85 
4.7 
4.85 


10H = -400 
J1A 
Full range 
4.5 
4.5 


VIC =2.5 
V, 
10l= 
50JlA 
25°C 
0.01 
0.01 


25°C 
0.09 
0.15 
0.09 
0.15 


VOL 
low-level 
output 
VIC =2.5V, 
10l = 500 J1A 
Full range 
0.15 
0.15 
V 
voltage 
25°C 
0.8 
1 
0.7 
1 


VIC =2.5 V, 
IOl=4 
mA 
Full range 
1.2 
1.2 


Rl = 50 kot 
25°C 
80 
100 
80 
170 


AVD 
large-signal 
differential 
VIC =2.5 V, 
Full range 
50 
50 
V/mV 
voltage amplification 
VO= 
1 Vt04V 
Rl= 
1 Mat 
25°C 
550 
550 


r;(d) 


Differential input resis- 
25°C 
1012 
1012 
0 
tance 


Common-mode 
25°C 
1012 
1012 
r;(c) 
input resistance 
0 


Common-mode 
f = 10 kHz, 
N package 
25°C 
8 
pF 
Ci(c) 
input capacitance 
8 


Zo 


Closed-loop 
f = 100 kHz, 
AV= 
10 
25°C 
240 
240 
0 
output impedance 


CMRR 
Common-mode 
VIC = 0 to 2.7 V, 
VO=2.5V, 
25°C 
70 
83 
70 
83 
rejection ratio 
RS=500 
dB 
Full range 
70 
70 


Supply-voltage 
VDD = 4.4 V to 16 V, 
25°C 
80 
95 
80 
95 
kSVR 
rejection ratio 


VIC = VDD/2, 
No load 
dB 


(~VDD/~VIO) 
Full range 
80 
80 


IDD 
Supply current 
25°C 
0.8 
1 
0.8 
1 


(four amplifiers) 
VO=2.5V, 
No load 
mA 
Full range 
1 
1 


Full ran e is - 55°C to 125°C. 
g 
t Referenced to 2.5 V 
NOTE 4: 
Typical values are based on the input offset voltage shift observed through 500 hours of operating life test at TA = 150°C extrapolated 
to TA = 25°C using the Arrhenius equation and assuming an activation energy of 0.96 eV. 
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TLC2264M 
TLC2264AM 
PARAMETER 
TEST CONDITIONS 
TAt 
UNIT 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


25°C 
0.35 
0.55 
0.35 
0.55 


SR 
Slew rate at unity 
Vo = 0.5 V to 3.5 V, 
RL = 50 kQ~, 
V/lJ.s 
gain 
CL= 
100 pFI: 
Full 
0.25 
0.25 
range 


Equivalent input 
f= 
10 Hz 
25°C 
40 
40 
Vn 
nV/-IHz 
noise voltage 
f= 
1 kHz 
25°C 
12 
12 


Peak-to-peak 
f = 0.1 Hz to 1 Hz 
25°C 
0.7 
0.7 
VN(PP) 
equivalent input 
IJ.V 
noise voltage 
f = 0.1 Hz to 10Hz 
25°C 
1.3 
1.3 


In 
Equivalent input 
25°C 
0.6 
0.6 
fA/-IHz 
noise current 


Total harmonic 
Vo = 0.5 V to 2.5 V, 
AV= 
1 
0.017% 
0.017% 


THD + N 
distortion plus 
f = 20 kHz, 
25°C 
noise 
RL = 50 kQ~ 
AV= 
10 
0.03% 
0.03% 


Gain-bandwidth 
f = 50 kHz, 
RL = 50 kQ~, 
25°C 
0.71 
0.71 
MHz 
product 
CL = 100 pF~ 


BOM 
Maximum output- 
VO(PP) =2 V, 
AV= 
1, 
25°C 
185 
185 
kHz 
swing bandwidth 
RL = 50 kQ~, 
CL = 100 pF:l: 


AV=-1, 
To 0.1% 
6.4 
6.4 


ts 
Settling time 
Step = 0.5 V to 2.5 V, 
25°C 
IJ.s 
RL=50 
kQ:l:, 


CL = 100 pF:l: 
To 0.01% 
14.1 
14.1 


<l>m 
Phase margin at 
25°C 
56° 
56° 
unity gain 
RL = 50 kQ~, 
CL= 
100pR 
Gain margin 
25°C 
11 
11 
dB 
t Full range is - 55°C to 125°C. 
:l:Referenced to 2.5 V 
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TLC2264M 
electrical 
characteristics 
at specified 
free-air 
temperature, 
Voo± 
= ±5 
V (unless 
otherwise 
noted) 


TLC2264M 
TLC2264AM 
PARAMETER 
TEST CONDITIONS 
TAt 
UNIT 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


25°C 
300 
2500 
300 
950 
VIO 
Input offset voltage 


Full range 
3000 
1500 
~V 


aVIO 


Temperature coefficient of 
Full range 
2 
2 
~V/oC 
input offset voltage 


Input offset voltage 
VIC=O, 
VO=O, 
25°C 
0.003 
0.003 
~V/mo 
long-term drift (see Note 4) 
RS =50n 


25°C 
0.5 
0.5 
110 
Input offset current 
125°C 
500 
500 
pA 


25°C 
1 
1 
liB 
Input bias current 
125°C 
500 
500 
pA 


-5 
-5.3 
-5 
-5.3 
25°C 
to 
to 
to 
to 


Common-mode 
input 
RS = 50 n, 
4 
4.2 
4 
4.2 
VICR 
V 
voltage range 
IVI0Is5mV 
-5 
-5 
Full range 
to 
to 
3.5 
3.5 


10=-20~ 
25°C 
4.99 
4.99 


25°C 
4.85 
4.94 
4.85 
4.94 


VOM+ 
Maximum positive peak 
10=-100~ 


Full range 
4.82 
4.82 
V 
output voltage 
25°C 
4.7 
4.85 
4.7 
4.85 


10=-400~ 


Full range 
4.5 
4.5 


VIC=O, 
10=50~ 
25°C 
-4.99 
-4.99 


25°C 
-4.85 
-4.91 
-4.85 
-4.91 


VOM- 
Maximum negative peak 
VIC=O, 
10 =500~A 
Full range 
-4.85 
-4.85 
V 
output voltage 
25°C 
-4 
-4.3 
-4 
-4.3 
VIC=O, 
10=4mA 


Full range 
-3.8 
-3.8 


25°C 
80 
200 
80 
200 


AVD 
Large-signal 
differential 
VO=±4V 
RL = 50 kQ 


Full range 
50 
50 
V/mV 
voltage amplification 
RL= 
1 Mn 
25°C 
1000 
1000 


q(d) 
Differential input resistance 
25°C 
1012 
1012 
n 


q(c) 
Common-mode 
input 
25°C 
1012 
1012 
n 
resistance 


Ci(c) 


Common-mode 
input 
f= 
10kHz, 
N package 
25°C 
8 
8 
pF 
capacitance 


Zo 
Closed-loop output 
f = 100 kHz, 
AV= 
10 
25°C 
220 
220 
n 
impedance 


Common-mode 
VIC=-5Vt02.7V, 
25°C 
75 
88 
75 
88 
CMRR 
rejection ratio 
dB 


VO=O, 
RS =50n 
Full range 
75 
75 


Supply-voltage 
rejection 
VDD± = ±2.2 V to ±8 V, 
25°C 
80 
95 
80 
95 


kSVR 
dB 
ratio (Ll.VDD±ILl.VIO) 
VIC=VDD/2, 
No load 
Full range 
80 
80 


Supply current 
25°C 
0.85 
1 
0.85 
1 


IDD 
(four amplifiers) 
VO=O, 
No load 
mA 
Full range 
1 
1 
t Full range is - 55°C to 125°C. 
NOTE 4: 
Typical values are based on the input offset voitage shift observed through 500 hours of operating life test at TA = 150°C extrapolated 
to TA = 25°C using the Arrhenius equation and assuming an activation energy of 0.96 eV. 
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TLC2264M 
TLC2264AM 
PARAMETER 
TEST CONDITIONS 
TAt 
UNIT 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


25°C 
0.35 
0.55 
0.35 
0.55 


SR 
Slew rate at unity 
Vo = ±2 V, 
RL = 50 kQ, 


Full 
V/IlS 
gain 
CL = 100 pF 
0.25 
0.25 
range 


Equivalent input 
f= 10 Hz 
25°C 
43 
43 
Vn 
nV/..JHZ 
noise voltage 
f = 1 kHz 
25°C 
12 
12 


Peak-to-peak 
f = 0.1 Hz to 1 Hz 
25°C 
0.8 
0.8 
VN(PP) 
equivalent input 
IlV 
noise voltage 
f = 0.1 Hz to 10 Hz 
25°C 
1.3 
1.3 


In 
Equivalent input 
25°C 
0.6 
0.6 
fA/..JHZ 
noise current 


Total harmonic 
VO=±2.3V, 
AV= 
1 
0.014% 
0.014% 


THD + N 
distortion plus 
RL = 50 kQ, 
25°C 
noise 
f = 20 kHz 
AV= 
10 
0.024% 
0.024% 


Gain-bandwidth 
f =10 
kHz, 
RL = 50 kQ, 
25°C 
0.73 
0.73 
MHz 
product 
CL = 100 pF 


BOM 
Maximum output- 
VO(PP) = 4.6 V, 
AV= 
1, 
25°C 
70 
70 
kHz 
swing bandwidth 
RL = 50 kQ, 
CL = 100 pF 


AV=-1, 
To 0.1% 
7.1 
7.1 


ts 
Settling time 
Step = -2.3 
V to 2.3 V, 
25°C 
Ils 
RL = 50 kQ, 
CL = 100 pF 
To 0.01% 
16.5 
16.5 


<!1m 
Phase margin at 
25°C 
5]0 
57° 
unity gain 
RL = 50 kQ, 
CL=100pF 


Gain margin 
25°C 
11 
11 
dB 
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TLC2262Y 
PARAMETER 
TEST CONDITIONS 
UNIT 
MIN 
TYP 
MAX 


V,O 
Input offset voltage 
300 
~V 


110 
Input offset current 
VIC=O, 
VOO± = ±2.S V, 
O.S 
pA 
VO=O, 
RS =SOQ 


liB 
Input bias current 
1 
pA 


-0.3 


VICR 
Common-mode 
input voltage range 
IVlol$SmV, 
RS = SOQ 
to 
V 
4.2 


10H = -20 
J.1A 
4.99 


VOH 
High-level output voltage 
10H =-100~A 
4.94 
V 


10H =-400~A 
4.85 


Vie =2.S V, 
10L= SO~A 
0.01 


VOL 
Low-level output voltage 
VIC =2.S V, 
10L = SOOJ.1A 
0.09 
V 


VIC =2.5 V, 
10L= 4 mA 
0.8 


Large-signal differential voltage 
VIC =2.S V, 
I RL = SOkQt 
170 
AVO 
V/mV 
amplification 
VO=1 
Vt04V 
I RL= 1 MQt 
550 


fi(d) 
Differential input resistance 
1012 
Q 


fi(c) 
Common-mode 
input resistance 
1012 
Q 


Ci(c) 
Common-mode 
input capacitance 
f = 10 kHz 
8 
pF 


zo 
Closed-loop 
output impedance 
f = 100 kHz, 
AV= 
10 
240 
Q 


CMRR 
Common-mode 
rejection ratio 
VIC = 0 to 2.7 V, 
VO=2.SV, 
RS=50Q 
83 
dB 


kSVR 
Supply-voltage 
rejection ratio 
VOO = 4.4 V to 16 V, 
VIC =VDo/2, 
No load 
95 
dB 
(AVooiAVIO) 


100 
Supply current 
VO=2.SV, 
No load 
400 
~A 
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TLC2262Y 
PARAMETER 
TEST CONDITIONS 
UNIT 
MIN 
TYP 
MAX 


VIO 
Input offset voltage 
300 
~V 


110 
Input offset current 
VIC=O, 
RS = 50 n, 
0.5 
pA 
VO=O 
liB 
Input bias current 
1 
pA 


-5.3 


VICR 
Common-mode 
input voltage range 
IV101~5mV, 
RS=50n 
to 
V 
4.2 


10=-20~A 
4.99 


VOM+ 
Maximum positive peak output voltage 
10=-100~ 
4.94 
V 


10=-400~ 
4.85 


VIC=O, 
IOL=50~ 
-4.99 


VOM- 
Maximum negative peak output voltage 
VIC=O, 
JOL=500~A 
-4.91 
V 


VIC=O, 
IOL=4 
mA 
-4.1 


Large-signal differential voltage 
I RL = 50 kn 
200 
AVD 
amplification 
Vo =±4 
V 
I RL= 
1 Mn 
V/mV 
1000 


'1(d) 
Differential input resistance 
1012 
n 


'1(c) 
Common-mode 
input resistance 
1012 
n 


ciCcI 
Common-mode 
input capacitance 
f=10kHz 
8 
pF 


Zo 
Closed-loop output impedance 
f = 100 kHz, 
AV= 
10 
220 
n 


CMRR 
Common-mode 
rejection ratio 
VIC = -5 V to 2.7 V, 
VO=O, 
RS=50n 
88 
dB 


kSVR 
Supply-voltage 
rejection ratio 
VDD± = ±2.2 V to ±8 V, 
VIC=O, 
No load 
95 
dB 
(t.VDD±It.VIO) 


IDD 
Supply current 
VO=O, 
No load 
425 
~ 
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TLC2264Y 
PARAMETER 
TEST CONDITIONS 
MIN 
TYP 
MAX 
UNIT 


VIO 
Input offset voltage 
300 
j.lV 


110 
Input offset current 
VIC=O, 
VOO± = ±2.5 V, 
0.5 
pA 
VO=O, 
RS=50n 
liB 
Input bias current 
1 
pA 


-0.3 


VICR 
Common-mode 
input voltage range 
IVI0155mV, 
RS = son 
to 
V 
4.2 


10H = -20 
j.lA 
, 
4.99 


VOH 
High-level output voltage 
10H = -100 
j.lA 
4.94 
V 


10H = -400 
j.lA 
4.85 


VIC =2.5 V, 
10L = 50 j.lA 
0.01 


VOL 
Low-level output voltage 
VIC=2.5V, 
10L = 500 j.lA 
0.09 
V 


VIC =2.5 V, 
IOL=4mA 
0.8 


Large-signal 
differential voltage 
VIC =2.5 V, 
I RL = 50 kQt 
170 


AVO 
V/mV 
amplification 
Vo = 1 Vt04 
V 
I RL= 1 Mnt 
550 


fjld\ 
Oifferential input resistance 
1012 
n 


rilc) 
Common-mode 
input resistance 
1012 
n 


Cilc) 
Common-mode 
input capacitance 
f=10kHz 
8 
pF 


Zo 
Closed-loop 
output impedance 
f = 100 kHz, 
AV= 
10 
240 
n 


CMRR 
Common-mode 
rejection ratio 
VIC = 0 to 2.7 V, 
VO=2.5V, 
RS = 50 n 
83 
dB 


kSVR 
Supply-voltage 
rejection ratio 
VOO = 4.4 V to 16 V, 
Vie =Voo/2, 
No load 
95 
dB 
(dVOO/dVIO) 


100 
Supply current (four amplifiers) 
VO=2.5V, 
No load 
0.8 
mA 
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TLC2264Y 
PARAMETER 
TEST CONDITIONS 
UNIT 
MIN 
TYP 
MAX 


VIO 
Input offset voltage 
300 
IlV 


110 
Input offset current 
VIC=O, 
RS = 50 n, 
0.5 
pA 
VO=O 
liB 
Input bias current 
1 
pA 


-5.3 


VICR 
Common-mode 
input voltage range 
I VIO I ~5 mY, 
RS = 50Q 
to 
V 
4.2 


10 =-20 
IlA 
4.99 


VOM+ 
Maximum positive peak output voltage 
10=-IOOIlA 
4.94 
V 


10 = -400 
IlA 
4.85 


VIC=O, 
10L = 50 IlA 
-4.99 


VOM- 
Maximum negative peak output voltage 
VIC=O, 
IOL = 500 IlA 
-4.91 
V 


VIC=O, 
10L = 4 mA 
-4.1 


Large-signal 
differential voltage 
I RL = 50 kQ 
200 
AVD 
VO=±4 
V 
V/mV 
amplilication 
I RL= 
1 MQ 
1000 


'i(d) 
Differential input resistance 
1012 
Q 


'i(c) 
Common-mode 
input resistance 
1012 
Q 


cilc\ 
Common-mode 
input capacitance 
1= 10 kHz 
8 
pF 


Zo 
Closed-loop 
output impedance 
1= 100 kHz, 
AV= 
10 
220 
Q 


CMRR 
Common-mode 
rejection ratio 
VIC = -5 
V to 2.7 V, 
VO=O, 
RS=50Q 
88 
dB 


kSVR 
Supply-voltage 
rejection ratio 
VDD± = ±2.2 V to ±8 V, 
VIC=O, 
No load 
95 
dB 
(t,vDD±It.VIO) 


IDD 
Supply current (lour ampliliers) 
VO=O, 
No load 
0.85 
mA 
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FIGURE 


Input offset voltage 
Distribution 
2-5 
VIO 
vs Common-mode 
input voltage 
6, 7 


aVIO 
Input offset voltage temperature 
coefficient 
Distribution 
8-11 


IIBIIIO 
Input bias and input offset currents 
vs Free-air temperature 
12 


VI 
Input voltage range 
vs Supply voltage 
13 
vs Free-air temperature 
14 


VOH 
High-level output voltage 
vs High-level output current 
15 


VOL 
Low-level output voltage 
vs Low-level output current 
16,17 


VOM+ 
Maximum positive peak output voltage 
vs Output current 
18 


VOM- 
Maximum negative peak output voltage 
vs Output current 
19 


V01PP) 
Maximum peak-to-peak 
output voltage 
vs Frequency 
20 


10S 
Short-circuit 
output current 
vs Supply voltage 
21 
vs Free-air temperature 
22 


Vo 
Output voltage 
vs Differential input voltage 
23,24 


Differential gain 
vs Load resistance 
25 


AVO 
Large-signal 
differential voltage amplification 
vs Frequency 
26,27 
vs Free-air temperature 
28,29 


Zo 
Output impedance 
vs Frequency 
30,31 


CMRR 
Common-mode 
rejection ratio 
vs Frequency 
32 
vs Free-air temperature 
33 


kSVR 
Supply-voltage 
rejection ratio 
vs Frequency 
34,35 
vs Free-air temperature 
36 


100 
Supply current 
vs Supply voltage 
37,38 
vs Free-air temperature 
39,40 


SR 
Slew rate 
vs Load capacitance 
41 
vs Free-air temperature 
42 


Inverting large-signal 
pulse response 
vs Time 
43,44 


Voltage-follower 
large-signal 
pulse response 
vs Time 
45,46 
Vo 
Inverting small-signal 
pulse response 
vs Time 
47,48 


Voltage-follower 
small-signal 
pulse response 
vs Time 
49,50 


Vn 
Equivalent input noise voltage 
vs Frequency 
51,52 


Noise voltage (referred to input) 
Over a 10-second period 
53 


Integrated noise voltage 
vs Frequency 
54 


THO + N 
Total harmonic distortion plus noise 
vs Frequency 
55 


Gain-bandwidth 
product 
vs Supply voltage 
56 
vs Free-air temperature 
57 


<l>m 
Phase margin 
vs Frequency 
26,27 
vs Load capacitance 
58 


Gain margin 
vs Load capacitance 
59 


61 
Unity-gain bandwidth 
vs Load capacitance 
60 


Overestimation 
of phase margin 
vs Load capacitance 
61 
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DISTRIBUTION OF TLC2262 
INPUT OFFSET VOLTAGE 


1274 Amplifiers 
From 2 Wafer Lots 
VOD±=±2.5V 
TA = 25°C 
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r 
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-0.8 
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0.8 
VIO -Input 
Offset Voltage - mV 
Figure 2 
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Figure 3 
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Figure 4 
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VIO - Input Offset Voltage - mV 
Figure 5 
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INPUT 
OFFSET 
VOLTAGE 
vs 
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INPUT 
VOLTAGE 


>E 
I; 
gi 
:; 
Q. 
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TA=25°C 
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VIC - Common-Mode 
Input Voltage - V 
t For curves where VDD = 5 V, all loads are referenced to 2.5 V. 


Figure 6 
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avlO - Temperature 
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Figure 8 
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128 Amplifiers 
From 2 Wafer Lots 
VOD±= 
±5 V 
P Package 
TA = 25°C to 125°C 
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ctVlo - Temperature 
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Figure 9 
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DISTRIBUTION OF TLC2264 INPUT OFFSET 
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N Package 
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aVIO - Temperature 
Coefficient 
of 
aVIO - Temperature 
Coefficient 
of 
Input Offset Voltage - I!V1°C 
Input Offset Voltage - I!V1°C 
Figure 10 
Figure 11 
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Figure 12 
Figure 13 
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INPUT VOLTAGE RANGEt* 
vs 
FREE-AIR TEMPERATURE 
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Figure 14 


LOW-LEVEL OUTPUT VOLTAGE* 
vs 
LOW-LEVEL OUTPUT CURRENT 
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Figure 16 


HIGH-LEVEL OUTPUT VOLTAGEt* 
vs 
HIGH-LEVEL OUTPUT CURRENT 
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Output 
Current 
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Figure 15 


LOW-LEVEL OUTPUT VOLTAGEf* 
vs 
LOW-LEVEL OUTPUT CURRENT 


VOO=5 
V 
VIC = 2.5 V 


t Data at high and low temperatures 
are applicable only within the rated operating free-air temperature 
ranges of the various devices. 
* For curves where VDD = 5 V, all loads are referenced to 2.5 V. 
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Figure 18 
Figure 19 
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:j: For curves where VDD = 5 V, all loads are referenced to 2.5 V. 


Figure 20 
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Figure 23 


DIFFERENTIAL 
GAIN'*' 
vs 
LOAD RESISTANCE 
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t Data at high and low temperatures 
are applicable only within the rated operating free-air temperature 
ranges of the various devices. 
'*' For curves where VDD ; 5 V, all loads are referenced to 2.5 V. 
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Figure 26 
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Figure 30 
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Figure 31 


t Data at high and low temperatures 
are applicable only within the rated operating free-air temperature 
ranges of the various devices. 


:j: For curves where VDD = 5 V, all loads are referenced to 2.5 V. 
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t For curves where VOO = 5 V, all loads are referenced to 2.5 V. 


:j: Data at high and low temperatures 
are applicable only within the rated operating free-air temperature 
ranges of the various devices. 
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Figure 39 
t Data at high and low temperatures 
are applicable only within the rated operating free-air temperature 
ranges of the various devices. 
* For curves where VDD = 5 V, all loads are referenced to 2.5 V. 
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INVERTING LARGE-SIGNAL 
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t Data at high and low temperatures 
are applicable only within the rated operating free-air temperature 
ranges of the various devices. 


:j: For curves where VDD = 5 V, all loads are referenced to 2.5 V. 
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t Data at high and low temperatures 
are applicable only within the rated operating free-air temperature 
ranges of the various devices. 


:t For curves where VOO = 5 V, all loads are referenced to 2.5 V. 
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driving 
large capacitive 
loads 


The TLC226x 
is designed 
to drive larger capacitive 
loads than most CMOS 
operational 
amplifiers. 
Figure 
52 
and Figure 
53 illustrate 
its ability 
to drive 
loads greater 
than 400 pF while 
maintaining 
good gain and phase 


margins 
(Rnull = 0). 


A smaller series resistor 
(RnulI) at the output of the device (see Figure 56) improves 
the gain and phase margins 
when driving 
large capacitive 
loads. 
Figure 52 and Figure 53 show the effects of adding 
series 
resistances 
of 
10 n, 20 n, 50 n, and 100 n. The addition 
of this series 
resistor 
has two effects: 
the first is that it adds a zero 
to the transfer 
function 
and the second 
is that it reduces 
the frequency 
of the pole associated 
with the output 
load in the transfer 
function. 


The zero introduced 
to the transfer 
function 
is equal to the series 
resistance 
times the load capacitance. 
To 
calculate 
the improvement 
in phase 
margin, 
equation 
1 can be used. 


il8m1 
UGBW 


Rnull 
CL 


= improvement 
in phase margin 


unity-gain 
bandwidth 
frequency 


output series resistance 


load capacitance 


The unity-gain 
bandwidth 
(UGBW) 
frequency 
decreases 
as the capacitive 
load increases 
(see Figure 
54). To 
use equation 
1, UGBW 
must be approximated 
from Figure 54. 


Using 
equation 
1 alone 
overestimates 
the improvement 
in phase 
margin, 
as illustrated 
in Figure 
55. The 
overestimation 
is caused 
by the decrease 
in the frequency 
of the pole associated 
with the load, thus providing 
additional 
phase shift and reducing 
the overall improvement 
in phase margin. The pole associated 
with the load 
is reduced 
by the factor calculated 
in equation 
2. 


F 
= 
1 
1 + gm x Rnull 


F 
factor reducingfrequencyof 
pole 


gm 
small-signal 
output transconductance 
(typically 
4.83 
x 10-3 
mhos) 


Rnull 
output 
series resistance 


For the TLC226x, 
the pole associated 
with the load is typically 
7 MHz with 1OO-pF load capacitance. 
This value 
varies 
inversely 
with CL: at CL = 10 pF, use 70 MHz, at CL = 1000 pF, use 700 kHz, and so on. 


Reducing 
the pole associated 
with the load introduces 
phase shift, thereby 
reducing 
phase margin. This results 
in an error in the increase 
in phase 
margin 
expected 
by considering 
the zero alone 
(equation 
1). Equation 
3 
approximates 
the reduction 
in phase 
margin 
due to the movement 
of the pole associated 
with the load. The 
result of this equation 
can be subtracted 
from the result of the equation 
in equation 
1 to better approximate 
the 
improvement 
in phase 
margin. 
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driving 
large capacitive 
loads (continued) 


Ll8 
= tan-1 [UGBW] 
-tan-1 
(UGBW) 
m2 
(FxP2) 
P2 


Ll8m2 = reduction in phase margin 


UGBW = unity-gain bandwidth frequency 


F 
factor from equation 2 


P2unadjusted 
pole (70 MHz@10 pF, 7 MHz@100 pF, etc.) 


Using these equations with Figure 54 and Figure 55 enables the designer to choose the appropriate output 
series resistance to optimize the design of circuits driving large capacitive loads. 


50kn 


~TEXAS 
INSTRUMENTS 


TLC226x, TLC226xA,TLC226xY 
Advanced LinCMOSTM RAIL·TO·RAIL 
OPERATIONAL AMPLIFIERS 
SLOS177 
- FEBRUARY 
1997 


Macromodel information provided was derived using Microsim Parts™, the model generation software used 
with Microsim PSpice™. The Boyle macromodel (see Note 5) and subcircuit in Figure 57 are generated using 
the TLC226x typical electrical and operating characteristics at TA = 25°C. Using this information, output 
simulations of the following key parameters can be generated to a tolerance of 20% (in most cases): 


• 
Maximum positive output voltage swing 
• 
Unity-gain frequency 
• 
Maximum negative output voltage swing 
• 
Common-mode rejection ratio 
• 
Slew rate 
• 
Phase margin 
• 
Quiescent power dissipation 
• 
DC output resistance 
• 
Input bias current 
• 
AC output resistance 
• 
Open-loop voltage amplification 
• 
Short-circuit output current limit 


NOTE 5: 
G. R. Boyle, B. M. Cohn, D. O. Pederson, and J. E. Solomon, "Macromodeling of Intergrated Circuit Operational Amplifiers," IEEE 
Journal of Solid-State Circuits, SC-9, 353 (1974). 


R0290 


HUM 
+ DLP 
+ VLP 
VLN 


.SUBCKT TLC226x 1 2 3 4 5 
C1 
11 
12 
3.560E-12 
C2 
6 
7 
15.00E-12 
DC 
5 
53 
ox 
DE 
54 
5 
OX 


DLP 
90 
91 
OX 


DLN 
92 
90 
OX 


DP 
4 
3 
OX 


EGND 
99 
0 
POLY (2) (3,0) (4,0) 0.5.5 
FB 
7 
99 
POLY (5) VB VC VE VLP 
+ VLN 0 21.04E6 -30E6 30E6 30E6 -30E6 
GA 
6 
0 
11 
1247.12E-6 
GCM 
0 
6 
10 
994.9E-9 
ISS 
3 
10 
DC 8.250E-6 
HLiM 
90 
0 
VLlM 1K 
J1 
11 
2 
10JX 
J2 
12 
1 
10 JX 
R2 
6 
9 
100.0E3 


RD1 
60 
11 
21.22E3 
RD2 
60 
12 
21.22E3 
R01 
8 
5 
120 
R02 
7 
99 
120 
RP 
3 
4 
26.04E3 
RSS 
10 
99 
24.24E6 
VAD 
60 
4 
-.6 
VB 
9 
0 
DC 0 
VC 
3 
53 
DC .65 
VE 
54 
4 
DC .65 
VLlM 
7 
8 
DC 0 
VLP 
91 
0 
DC 1.4 
VLN 
0 
92 
DC 9.4 


.MODEL OX 0 (IS=800.0E-18) 
.MODEL JX PJF (IS=500.0E-15 BETA=281E-6 
+ VTO=-.065) 
.ENDS 
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The TLC227x, exhibiting high input impedance 
and 
low 
noise, 
is excellent 
for 
small-signal 
conditioning for high-impedance sources, such as 
piezoelectric transducers. Because of the micro- 
power dissipation levels, these devices work well 
in hand-held 
monitoring 
and 
remote-sensing 
applications. 
In addition, the rail-to-rail output 
feature with single- or split-supplies makes this 
family 
a great 
choice 
when 
interfacing 
with 
analog-to-digital converters (ADCs). For precision applications, the TLC227xA family is available and has a 
maximum input offset voltage of 950 IlV. This family is fUlly characterized at 5 V and ±5 V. 


The TLC227214 also makes great upgrades to the TLC27214 or TS27214 in standard designs. They offer 
increased output dynamic range, lower noise voltage and lower input offset voltage. This enhanced feature set 
allows them to be used in a wider range of applications. For applications that require higher output drive and 
wider input voltage range, see TLV2432 and TLV2442 devices. If the design requires single amplifiers, please 
see the TLV2211/21/31 family. These devices are single rail-to-rail operational amplifiers in the SOT-23 
package. Their small size and low power consumption, make them ideal for high density, battery-powered 
equipment. 


• 
Output Swing Includes Both Supply Rails 


• 
Low Noise ... 
9 nV/-#ii 
Typ at f = 1 kHz 


• 
Low Input Bias Current ... 
1 pA Typ 
• 
Fully Specified for Both Single-Supply 
and 
Split-Supply 
Operation 


• 
Common-Mode 
Input Voltage Range 
Includes Negative Rail 


description 


The 
TLC2272 
and 
TLC2274 
are 
dual 
and 
quadruple 
operational 
amplifiers 
from 
Texas 
Instruments. 
Both 
devices 
exhibit 
rail-to-rail 
output performance for increased dynamic range 
in 
single- 
or 
split-supply 
applications. 
The 
TLC227x family offers 2 MHz of bandwidth and 
3 V/IlS of slew rate for higher speed applications. 
These devices offer comparable ac performance 
while having better noise, input offset voltage, and 
power 
dissipation 
than 
existing 
CMOS 
operational amplifiers. The TLC227x has a noise 
voltage 
of 9 nV/..JRZ; two times 
lower than 
competitive solutions. 


PRODUCTION DATA Information 
is current 
as of publication 
date. 
Products 
conform 
to specificatIons 
per the terms 
of Tex88 Instruments 
standard warranty. Production processing does not necessarily Include 
lesting 
of all parameters. 
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• 
High-Gain Bandwidth 
... 
2.2 MHz Typ 


• 
High Slew Rate ... 
3.6 V/IlS Typ 


• 
Low Input Offset Voltage 
950 IlV Max at TA = 25°C 


• 
Macromodel 
Included 
• 
Performance 
Upgrades for the TS272, 
TS274, TLC272, and TLC274 


MAXIMUM PEAK-TO-PEAK 
OUTPUT VOLTAGE 
vs 
SUPPLY VOLTAGE 
> 
I., 
~ 
~ 
14 


6 
8 
10 
12 


1VOOti - Supply Voltage 
- V 
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PACKAGED 
DEVICES 


TA 
VIOmaxAt 
SMALL 
TSSOPt 
CHIP FORM§ 
25°C 
OUTLINEt 
PLASTIC 
DIP 
(Y) 


(D) 
(P) 
(PW) 


O°C to 70°C 
950 ~V 
TLC2272ACD 
TLC2272ACP 
TLC2272CPWLE 
TLC2272Y 
- 
2.5mV 
TLC2272CD 
TLC2272CP 


-40°C 
to 85°C 
950~V 
TLC2272AID 
TLC2272AIP 
2.5mV 
TLC22721D 
TLC22721P 
- 
- 


950 ~V 
TLC2272AMD 
TLC2272AMP 
-55°C 
to 125°C 
2.5mV 
TLC2272MD 
TLC2272MP 
- 
- 


t The D packages are available taped and reeled. Add R suffix to the device type (e.g., TLC2272CDR). 
* The PW package is available only left-end taped and reeled. 
§ Chips are tested at 25°C. 


PACKAGED 
DEVICES 


TA 
V,omax 
SMALL 
CHIP 
CERAMIC 
PLASTIC 
TSSOPt 
CHIP FORM§ 
AT 25°C 
OUTLINEt 
CARRIER 
DIP 
DIP 
(Y) 


(D) 
(FK) 
(J) 
(N) 
(PW) 


O°C to 
950 ~V 
TLC2274ACD 
TLC2274ACN 
- 
TLC2274Y 
70dC 
2.5mV 
TLC2274CD 
- 
- 
TLC2274CN 
TLC2274CPWLE 


-40°C 
to 
950 ~V 
TLC2274AID 
TLC2274AIN 
- 
85°C 
2.5mV 
TLC22741D 
- 
- 
TLC22741N 
TLC22741PWLE 
- 


-55°C 
to 
950!'V 
TLC2274AMD 
TLC2274AMFK 
TLC2274AMJ 
TLC2274AMN 
125°C 
2.5mV 
TLC2274MD 
TLC2274MFK 
TLC2274MJ 
TLC2274MN 
- 
- 


tThe 
D packages are available taped and reeled. Add R suffix to device type (e.g., TLC2274CDR). 
* The PW package is available only left-end taped and reeled. 
§Chips are tested at 25°C. 


TLC2272 
0, P, OR PW PACKAGE 
(TOP VIEW) 


lOUTD8 
VDD+ 
11N- 
2 
7 
20UT 


11N+ 
3 
6 
21N- 


VDD_/GND 
4 
5 
21N+ 


TLC2274 
FKPACKAGE 
(TOP VIEW) 


I~ 
~ 
I 
~OOO~ 
~z'<t'<t 


TLC2274 
0, J, N, OR PW PACKAGE 
(TOP VIEW) 


10UT 
1 V 
14 
40UT 


11N- 
2 
13 
41N- 


11N+ 
3 
12 
41N+ 


VDD+ 
4 
11 
VDD- 


21N+ 
5 
10 
31N+ 


21N- 
6 
9 
31N- 


20UT 
7 
8 
30UT 


11N+ 
NC 


VDD+ 
NC 


21N+ 


3 
2 
1 
2019 
4 
18 


5 
17 


6 
16 


7 
15 


8 
14 
9 
10 11 1213 


41N+ 
NC 


VDD- 
NC 


31N+ 


11-01- 
I 
z::>z::>z 
N~ 
gC'5 


NC - No intemal connection 


~TEXAS 
INSTRUMENTS 


TLC227x,TLC227xA,TLC227xY 
Advanced LinCMOSTMRAIL-TO-RAIL 
OPERATIONAL AMPLIFIERS 
SLOS 190 - FEBRUARY 
1997 


TLC2272Y chip information 


These chips, when properly assembled, display characteristics similar to the TLC2272C. Thermal compression 
or ultrasonic bonding may be used on the doped-aluminum bonding pads. Chips may be mounted with 
conductive epoxy or a gold-silicon preform. 


~ 
56 
~ 


1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1 


(3) 
11N+ 


(2) 
OUT 
11N- 


21N+ 
OUT 
(6) 
21N- 


CHIP THICKNESS: 
15 MILS TYPICAL 


BONDING 
PADS: 4 x 4 MILS MINIMUM 


TJmax = 150°C 


TOLERANCES 
ARE ±10%. 


ALL DIMENSIONS 
ARE IN MILS. 


PIN (4) IS INTERNALLY 
CONNECTED 
TO BACKSIDE 
OF CHIP. 
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TLC2274V chip information 


This chip, when properly assembled, displays characteristics similar to the TLC2274C. Thermal compression 
or ultrasonic bonding may be used on the doped-aluminum bonding pads. Chips may be mounted with 
conductive epoxy or a gold-silicon preform. 


~ 
1~ 
~ 
1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'I' 


l1N+ 
(3) 


(2) 
l1N- 


CHIP THICKNESS: 
15 MILS TYPICAL 


BONDING 
PADS: 4 x 4 MILS MINIMUM 


TJmax = 150°C 


TOLERANCES 
ARE ±10%. 


ALL DIMENSIONS 
ARE IN MILS. 


PIN (11) IS INTERNALLY 
CONNECTED 
TO BACKSIDE 
OF CHIP. 
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 


Supply voltage, VOO+ (see Note 1) 
8 V 
Supply voltage, Voo- 
(see Note 1) 
-8 V 
Differential input voltage, VIO (see Note 2) 
±16 V 


Input voltage, VI (any input, see Note 1) 
Voo- - 0.3 V to VOO+ 
Input current, II (any input) 
±5 mA 
Output current, 10 
±50 mA 
Total current into VOO+ 
±50 mA 
Total current out of Voo- 
±50 mA 
Duration of short-circuit current at (or below) 25°C (see Note 3) 
unlimited 
Continuous total dissipation 
See Dissipation Rating Table 
Operating free-air temperature range, TA: 
C suffix 
O°Cto 70°C 
I suffix 
-40°C to 85°C 
M suffix 
-55°C to 125°C 
Storage temperature range 
-65°C to 150°C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: D, N, P or PW package 
260°C 
Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds: J package 
300°C 


t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions 
beyond those indicated under "recommended 
operating conditions" 
is not 


implied. Exposure to absolute-maximum-rated 
conditions for extended periods may affect device reliability. 


NOTES: 
1. 
All voltage values, except differential voltages, are with respect to the midpoint between VOO+ and VOO-. 
2. 
Oifferential voltages are atlN+ 
with respect to IN-. 
Excessive current will flow if input is brought below VOO-- 
0.3 V. 


3. 
The output may be shorted to either supply. Temperature 
and/or supply voltages must be limited to ensure that the maximum 
dissipation rating is not exceeded. 


PACKAGE 
TA'; 
25°C 
DERATING FACTOR 
TA=70°C 
TA=85°C 
TA = 125°C 
POWER RATING 
ABOVE TA = 25°C 
POWER RATING 
POWER RATING 
POWER RATING 


D-8 
725mW 
5.8 mW/oC 
464mW 
337mW 
145mW 


0-14 
950mW 
7.6 mW/oC 
608mW 
494mW 
190mW 


FK 
1375mW 
11.0mW/oC 
880mW 
715mW 
275mW 


J 
1375mW 
11.0mW/oC 
880mW 
715mW 
275mW 


N 
1150mW 
9.2 mW/oC 
736mW 
598mW 
230mW 


P 
1000mW 
8.0 mWJOC 
640mW 
520mW 
200mW 


PW-8 
525mW 
4.2 mWJOC 
336mW 
- 
- 


PW-14 
700mW 
5.6 mW/oC 
448mW 
364mW 
- 


CSUFFIX 
I SUFFIX 
M SUFFIX 
UNIT 
MIN 
MAX 
MIN 
MAX 
MIN 
MAX 


Supply voltage, VOO+ 
±2.2 
±8 
±2.2 
±8 
±2.2 
±8 
V 


Input voltage range, V, 
VOO- 
VOO+-1.5 
VOO- 
VOO+ -1.5 
VOO- 
VOO+-1.5 
V 


Common-mode 
input voltage, VIC 
VOO- 
VOO+-1.5 
VOO- 
VOO+-1.5 
VOO- 
VOO+-1.5 
V 


Operating free-air temperature, 
TA 
0 
70 
-40 
85 
-55 
125 
°C 
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TLC2272C 
electrical 
characteristics 
at specified free-air temperature, 
Voo = 5 V (unless otherwise 
noted) 


TAt 
TLC2272C 
TLC2272AC 
PARAMETER 
TEST CONDITIONS 
UNIT 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


25°C 
300 
2500 
300 
950 
VIO 
Input offset voltage 
Full range 
3000 
1500 
!lV 


Temperature coefficient 
25°C 
2 
2 
!lV/oC 
aVIO 
of input offset voltage 
to 70°C 


Input offset voltage 
VIC=O, 
VOO± = ±2.5 V, 
long-term drift 
VO=O, 
RS=50Q 
25°C 
0.002 
0.002 
!lV/mo 
(see Note 4) 


25°C 
0.5 
0.5 
110 
Input offset current 
Full range 
100 
100 
pA 


25°C 
1 
1 


liB 
Input bias current 
Full range 
100 
100 
pA 


0 
-0.3 
0 
-0.3 
25°C 
to 
to 
to 
to 


Common-mode 
input 
4 
4.2 
4 
4.2 
VICR 
voltage range 
RS = 50 Q, 
IVIOI 
S5mV 
V 
0 
0 
Full range 
to 
to 
3.5 
3.5 


10H =-20 
IlA 
25°C 
4.99 
4.99 


25°C 
4.85 
4.93 
4.85 
4.93 


VOH 
High-level output 
10H = -200 
IlA 
Full range 
4.85 
4.85 
V 
voltage 
25°C 
4.25 
4.65 
4.25 
4.65 
10H =-1 
mA 
Full range 
4.25 
4.25 


VIC=2.5 
V, 
10L = 50 IlA 
25°C 
0.01 
0.01 


25°C 
0.09 
0.15 
0.09 
0.15 


VOL 
Low-level output 
VIC =2.5V, 
10L = 500 IlA 
Full range 
0.15 
0.15 
V 
voltage 
25°C 
0.9 
1.5 
0.9 
1.5 
VIC =2.5 V, 
10L= 
5 mA 
Full range 
1.5 
1.5 


RL = 10 kn+ 
25°C 
15 
35 
15 
35 


AVO 
Large-signal 
differential 
VIC=2.5V, 
Full range 
15 
15 
V/mV 
voltage amplification 
VO= 
1 Vt04 
V 
RL= 
1 mQ+ 
25°C 
175 
175 


fjd 
Oifferential input 
25°C 
1012 
1012 
Q 
resistance 


fj 
Common-mode 
input 
25°C 
1012 
1012 
Q 
resistance 


ci 
Common-mode 
input 
f=10kHz, 
P package 
25°C 
8 
8 
pF 
capacitance 


Zo 
Closed-loop output 
f= 
1 MHz, 
AV= 
10 
25°C 
140 
140 
Q 
impedance 


Common-mode 
VIC=Ot02.7V, 
25°C 
70 
75 
70 
75 
CMRR 
dB 
rejection ratio 
VO=2.5V, 
RS=50Q 
Full range 
70 
70 


Supply-voltage 
rejection 
VOO= 
4.4Vt016V, 
25°C 
80 
95 
80 
95 


kSVR 
ratio (6VOO/6VI0) 
VIC= 
VOO/2, 
No load 
Full range 
dB 
80 
80 


25°C 
2.2 
3 
2.2 
3 
100 
Supply current 
VO=2.5V, 
No load 
mA 
Full range 
3 
3 
t Full range is O°C to 70°C. 
+ Referenced to 2.5 V 
NOTE 4: 
Typical values are based on the input offset voltage shift observed through 168 hours of operating life test atTA = 150°C extrapolated 
to TA = 25°C using the Arrhenius equation and assuming an activation energy of 0.96 eV. 
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TAt 
TLC2272C 
TLC2272AC 
PARAMETER 
TEST CONDITIONS 
UNIT 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


Vo = 0.5 V to 2.5 V, 
25°C 
2.3 
3.6 
2.3 
3.6 


SR 
Slew rate at unity 
RL = 10 kn:l:, 
CL = 100 pFt: 
V/Jls 
gain 
Full 
1.7 
1.7 


range 


Equivalent input 
1= 10 Hz 
25°C 
50 
50 
Vn 
noise voltage 
1= 1 kHz 
25°C 
9 
9 
nV/VHZ 


Peak-to-peak 
1= 0.1 Hz to 1 Hz 
25°C 
1 
1 
VNPP 
equivalent input 
JlV 
noise voltage 
1=0.1 
Hzto 
10 Hz 
25°C 
1.4 
1.4 


In 
Equivalent input 
25°C 
0.6 
0.6 
IA/VHZ 
noise current 


Vo = 0.5 V to 2.5 V, 
AV= 
1 
0.0013% 
0.0013% 


THD + N 
Total harmonic 
1= 20 kHz, 
AV= 
10 
25°C 
0.004% 
0.004% 
distortion plus noise 
RL = 10 kn:l:, 
AV= 
100 
0.03% 
0.03% 


Gain-bandwidth 
1= 10 kHz, 
RL= 10kQ:l:, 
25°C 
2.18 
2.18 
product 
CL = 100 pF:l: 
MHz 


Maximum 
VO(pp)=2 
V, 
AV= 
1, 
BOM 
output-swing 
25°C 
1 
1 
MHz 
bandwidth 
RL= 
10kn:l:, 
CL = 100 pF:l: 


AV=-1, 
To 0.1% 
1.5 
1.5 


ts 
Settling time 
Step = 0.5 V to 2.5 V, 
25°C 
Jls 
RL= 10kQ:l:, 
CL = 100 pF:l: 
To 0.01% 
2.6 
2.6 


"'m 
Phase margin at 
25°C 
50° 
50° 
unity gain 
RL = 10 kQ:l:, 
CL = 100 pF:l: 


Gain margin 
25°C 
10 
10 
dB 
t Full range is O°C to 70°C. 
:l:Relerenced 
to 2.5 V 
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TLC2272C electrical characteristics at specified free-air temperature, Voo± = ±5 V (unless 
otherwise specified) 


TAt 


TLC2272C 
TLC2272AC 
PARAMETER 
TEST CONDITIONS 
UNIT 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


25'C 
300 
2500 
300 
950 
VIO 
Input offset voltage 
Full range 
3000 
1500 
~V 


Temperature coefficient of 
25'C 
2 
2 
~V/'C 
aVIO 
input offset voltage 
to 70'C 


Input offset voltage 
VIC=O. 
VO=O. 
long-term drift 
RS=50n 
25'C 
0.002 
0.002 
~V/mo 
(see Note 4) 


25°C 
0.5 
0.5 
110 
Input offset current 
Full range 
100 
100 
pA 


25°C 
1 
1 
liB 
Input bias current 
Full range 
100 
100 
pA 


-5 
-5.3 
-5 
-5.3 
25°C 
to 
to 
to 
to 


Common-mode 
input 
4 
4.2 
4 
4.2 
VICR 
voltage range 
RS=50n. 
IVIOI $5mV 
V 
-5 
-5 


Full range 
to 
to 
3.5 
3.5 


10=-20~ 
25°C 
4.99 
4.99 


25°C 
4.85 
4.93 
4.85 
4.93 


VOM+ 
Maximum positive peak 
10=-200~ 
Full range 
4.85 
4.85 
V 
output voltage 
25°C 
4.25 
4.65 
4.25 
4.65 
10=-1 
mA 
Full range 
4.25 
4.25 


VIC=O, 
10= 
50~ 
25°C 
-4.99 
-4.99 


25'C 
-4.85 
-4.91 
-4.85 
-4.91 


VOM- 
Maximum negative peak 
VIC=O, 
10= 
500~ 
Full range 
-4.85 
-4.85 
V 
output voltage 
25'C 
-3.5 
-4.1 
-3.5 
-4.1 
VIC=O, 
10= 
5mA 
Full range 
-3.5 
-3.5 


25°C 
25 
50 
25 
50 


AVO 
Large-signal differential 
Vo =±4V 
RL = 10 kn 
Full range 
25 
25 
V/mV 
voltage amplification 


RL= 1 mn 
25°C 
300 
300 


rid 
Differential input 
25°C 
1012 
1012 
n 
resistance 


r; 
Common-mode 
input 
25°C 
1012 
1012 
n 
resistance 


ci 
Common-mode 
input 
f = 10 kHz, 
P package 
25°C 
8 
8 
pF 
capacitance 


Zo 
Closed-loop output 
f= 1 MHz, 
AV= 
10 
25°C 
130 
130 
n 
impedance 


Common-mode 
rejection 
VIC = -5 to 2.7 V, 
25°C 
75 
80 
75 
80 
CMRR 
dB 
ratio 
Vo = 0 V, 
RS = 50 n 
Full range 
75 
75 


Supply-voltage 
rejection 
VOO± = 2.2 V to ±8 V, 
25°C 
80 
95 
80 
95 
kSVR 
ratio (6VOO± 16V10) 
VIC=O, 
No load 
Full range 
dB 
80 
80 


25°C 
2.4 
3 
2.4 
3 
100 
Supply current 
Vo = 0 V 
No load 
mA 
Full range 
3 
3 
t Full range is O°C to 70°C. 
NOTE 4: 
Typical values are based on the input offset voltage shift observed through 168 hours of operating life test at TA = 150°C extrapolated 
to TA = 25°C using the Arrhenius equation and assuming an activation energy of 0.96 eV. 
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TAt 
TLC2272C 
TLC2272AC 
PARAMETER 
TEST CONDITIONS 
UNIT 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


25°C 
2.3 
3.6 
2.3 
3.6 


SR 
Slew rate at 
VO=±2.3V, 
RL = 10 kn, 


V/Jls 
unity gain 
CL = 100 pF 
Full 
1.7 
1.7 
range 


Equivalent input 
1= 10 Hz 
25°C 
50 
50 
Vn 
noise voltage 
1= 1 kHz 
25°C 
nV/v'RZ 
9 
9 


Peak-to-peak 
1= 0.1 Hz to 1 Hz 
25°C 
1 
1 
VNPP 
equivalent input 
JlV 
noise voltage 
1=0.1 
Hzt010Hz 
25°C 
1.4 
1.4 


In 
Equivalent input 
25°C 
0.6 
0.6 
IA/v'RZ 
noise cu rrent 


Total harmonic 
VO=±2.3V, 
AV= 
1 
0.0011% 
0.0011% 


THD + N 
distortion pulse 
1= 20 kHz, 
AV= 
10 
25°C 
0.004% 
0.004% 


duration 
RL= 
10kn 
AV= 
100 
0.03% 
0.03% 


Gain-bandwidth 
1= 10 kHz, 
RL= 
10kn, 
25°C 
2.25 
2.25 
MHz 
product 
CL=100pF 


BOM 
Maximum output- 
VO(PP) = 4.6 V, 
AV= 
1, 
25°C 
0.54 
0.54 
MHz 
swing bandwidth 
RL=10kn, 
CL=100pF 


AV=-1, 
To 0.1% 
1.5 
1.5 
ts 
Settling time 
Step = -2.3 
V to 2.3 V, 
25°C 
JlS 
RL=10kn, 
CL = 100 pF 
To 0.01% 
3.2 
3.2 


4>m 
Phase margin at 
25°C 
52° 
52° 
unity gain 
RL=10kfl, 
CL = 100 pF 


Gain margin 
25°C 
10 
10 
dB 
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TLC2274C 
electrical 
characteristics 
at specified 
free-air temperature, 
VOO = 5 V (unless otherwise 
noted) 


TAt 
TLC2274C 
TLC2274AC 
PARAMETER 
TEST CONDITIONS 
UNIT 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


25°C 
300 
2500 
300 
950 
VIO 
Input offset voltage 
Full range 
3000 
1500 
~V 


Temperature coefficient 
25°C 
2 
2 
~V/oC 
aVIO 
of input offset voltage 
to 70°C 


Input offset voltage 
VDD± = ±2.5 V, 
VIC=O, 
long-term drift 
25°C 
0.002 
0.002 
~V/mo 
(see Note 4) 
VO=O, 
RS=50n 


25°C 
0.5 
0.5 
110 
Input offset current 
Full range 
100 
100 
pA 


25°C 
1 
1 
liB 
Input bias current 
Full range 
100 
100 
pA 


0 
-0.3 
0 
-0.3 
25°C 
to 
to 
to 
to 
Common-mode 
input 
4 
4.2 
4 
4.2 
VICR 
voltage range 
RS = 50n, 
IVlol 
~5mV, 
V 
0 
0 
Full range 
to 
to 
3.5 
3.5 


IOH=-20~ 
25°C 
4.99 
4.99 


25°C 
4.85 
4.93 
4.85 
4.93 


VOH 
High-level output 
IOH=-200~ 
Full range 
4.85 
4.85 
V 
voltage 
25°C 
4.25 
4.65 
4.25 
4.65 
IOH=-1 
mA 
Full range 
4.25 
4.25 


VIC =2.5 V, 
10L= 
50~ 
25°C 
0.01 
0.01 


VIC =2.5V, 
25°C 
0.09 
0.15 
0.09 
0.15 


VOL 
Low-level output 
10L= 
500~ 
Full range 
0.15 
0.15 
V 
voltage 
25°C 
0.9 
1.5 
0.9 
1.5 
VIC =2.5 V, 
10L= 
5 mA 
Full range 
1.5 
1.5 


RL = 10 knl 
25°C 
15 
35 
15 
35 


AVD 
Large-signal differential 
VIC=2.5 
V, 
Full range 
15 
15 
V/mV 
voltage amplification 
VO=1 
Vt04V 
RL= 
1 mnl 
25°C 
175 
175 


'id 
Differential input 
25°C 
1012 
1012 
n 
resistance 


'i 
Common-mode 
input 
25°C 
1012 
1012 
n 
resistance 


ci 
Common-mode 
input 
f= 10 kHz, 
N package 
25°C 
8 
8 
pF 
capacitance 


Zo 
Closed-loop output 
f= 
1 MHz, 
AV= 
10 
25°C 
140 
140 
n 
impedance 


Common-mode 
VIC=Ot02.7V, 
25°C 
70 
75 
70 
75 
CMRR 
rejection ratio 
VO=2.5V, 
RS =50n 
dB 
Full range 
70 
70 


Supply-voltage 
rejection 
VDD = 4.4 V to 16 V, 
25°C 
80 
95 
80 
95 
kSVR 
ratio (6VDD/6VI0) 
VIC=VDD/2, 
No load 
Full range 
dB 
80 
80 


Supply current 
25°C 
4.4 
6 
4.4 
6 
IDD 
VO=2.5V, 
No load 
mA 
Full range 
6 
6 
t Full range is O°C to 70°C. 
l Referenced to 2.5 V 
NOTE 4: 
Typical values are based on the input offset voltage shift observed through 168 hours of operating life test at TA = 150°C extrapolated 
to TA = 25°C using the Arrhenius equation and assuming an activation energy of 0.96 eY. 
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TLC2274C 
TLC2274AC 
PARAMETER 
TEST CONDITIONS 
TAt 
UNIT 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


25°C 
2.3 
3.6 
2.3 
3.6 


SR 
Slew rate at 
Vo = 0.5 V to 2.5 V, 
V/IlS 
unity gain 
RL = 10 kfl:l:, 
CL = 100 pF:l: 
Full 
1.7 
1.7 
range 


Equivalent input 
f= 10 Hz 
25°C 
50 
50 


Vn 
noise voltage 
f = 1 kHz 
25°C 
9 
9 


nV/\I'RZ 


Peak-to-peak 
f = 0.1 to 1 Hz 
25°C 
1 
1 


VN(PP) 
equivalent input 
IlV 
noise voltage 
f = 0.1 to 10Hz 
25°C 
1.4 
1.4 


In 


Equivalent input 
25°C 
0.6 
0.6 
fA/\I'RZ 
noise current 


Total harmonic 
Vo = 0.5 V to 2.5 V, 
AV= 
1 
0.0013% 
0.0013% 


THD+ 
N 
distortion plus 
f = 20 kHz, 
AV= 
10 
25°C 
0.004% 
0.004% 


noise 
RL = 10 kQ:l: 
AV= 
100 
0.03% 
0.03% 


Gain-bandwidth 
f = 10 kHz, 
RL= 
10 kQ:l:, 
25°C 
2.18 
2.18 
MHz 
product 
CL = 100 pF:l: 


Maximum 
VO(PP) =2 V, 
AV= 
1, 
BOM 
output-swing 
25°C 
1 
1 
MHz 


bandwidth 
RL = 10 kQ:l:, 
CL = 100 pF:l: 


AV=-1, 
ToO.1% 
1.5 
1.5 


ts 
Settling time 
Step = 0.5 V to 2.5 V, 
25°C 
Ils 
RL=10kQ:l:, 
CL = 100 pF:l: 
To 0.01% 
2.6 
2.6 


<l>m 
Phase margin at 
25°C 
50° 
50° 
unity gain 
RL= 
10 kQ:l:, 
CL = 100 pF:l: 


Gain margin 
25°C 
10 
10 
dB 


t Full range is O°C to 70°C. 
:l:Referenced to 2.5 V 
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TLC2274C 
electrical 
characteristics 
at specified 
free-air 
temperature, 
Voo± 
= ±5 
V (unless 
otherwise 
noted) 


TLC2274C 
TLC2274AC 
PARAMETER 
TEST CONDITIONS 
TAt 
UNIT 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


25°C 
300 
2500 
300 
950 
VIO 
Input offset voltage 
Full range 
3000 
1500 
IN 


Temperature coefficient of input 
25°C 
2 
2 
IlV/oC 
aVIO 
offset voltage 
to 70°C 


Input offset voltage long-term 
VIC;O, 
VO;O, 
25°C 
0.002 
0.002 
IlV/mo 
drift (see Note 4) 
RS ;50Q 


25°C 
0.5 
0.5 


110 
Input offset current 
Full range 
100 
100 
pA 


25°C 
1 
1 
liB 
Input bias current 
Full range 
100 
100 
pA 


-5 
-5.3 
-5 
-5.3 
25°C 
to 
to 
to 
to 


Common-mode 
input 
4 
4.2 
4 
4.2 


VICR 
voltage range 
RS;50Q, 
IVIOIS 
5mV 
V 
-5 
-5 


Full range 
to 
to 
3.5 
3.5 


10;-2OIlA 
25°C 
4.99 
4.99 


25°C 
4.85 
4.93 
4.85 
4.93 


VOM+ 


Maximum positive peak output 
10; 
-200 
IJ-A 


Full range 
4.85 
4.85 
V 
voltage 
25°C 
4.25 
4.65 
4.25 
4.65 


10;-1 
mA 
Full range 
4.25 
4.25 


VIC;O, 
10; 
50llA 
25°C 
-4.9 
-4.9 
9 
9 


25°C 
-4.8 
-4.9 
-4.8 
-4.9 
5 
1 
5 
1 
VOM- 


Maximum negative peak output 
VIC;O, 
10; 
500 IJ-A 
V 
voltage 
Full range 
-4.8 
-4.8 
5 
5 


25°C 
-3.5 
-4.1 
-3.5 
-4.1 
VIC;O, 
10 ;-5 
mA 


Full range 
-3.5 
-3.5 


25°C 
25 
50 
25 
50 


AVO 
Large-signal differential voltage 
VO; 
±4 V 
RL;10kQ 


Full range 
25 
25 
V/mV 
amplification 
RL; 
1 MQ 
25°C 
300 
300 


rjd 
Differential input resistance 
25°C 
1012 
1012 
Q 


rj 
Common-mode 
input resistance 
25°C 
1012 
1012 
Q 


ci 


Common-mode 
input 
f; 
10 kHz, 
N package 
25°C 
8 
8 
pF 
capacitance 


Zo 
Closed-loop output impedance 
f; 
1 MHz, 
AV; 
10 
25°C 
130 
130 
Q 


VIC ; -5 V to 2.7 V, 
25°C 
75 
80 
75 
80 


CMRR 
Common-mode 
rejection ratio 
VO;O, 
RS ;50Q 
dB 


Full range 
75 
75 


Supply-voltage 
rejection ratio 
VDD±; 
±2.2 V to ±8 V, 
25°C 
80 
95 
80 
95 
kSVR 
(.1VDD±/.1VIO) 
VIC;O, 
No load 
dB 
Full range 
80 
80 


25°C 
4.8 
6 
4.8 
6 


100 
Supply current 
VO;O, 
No load 
mA 
Full range 
6 
6 


Full ran e is O°C to 70°C. 
g 


NOTE 4: 
Typical values are based on the input offset voltage shift observed through 168 hours of operating life test at TA ; 150°C ex1rapolated 
to TA ; 25°C using the Arrhenius equation and assuming an activation energy of 0.96 eV. 
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TAt 
TLC2274C 
TLC2274AC 
PARAMETER 
TEST CONDITIONS 
UNIT 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


25°C 
2.3 
3.6 
2.3 
3.6 


SR 
Slew rate at unity 
VO=±2.3 
V, 
RL=10kQ, 


Full 
V/v.s 
gain 
CL = 100 pF 
1.7 
1.7 
range 


Equivalent input 
1= 10 Hz 
25°C 
50 
50 
Vn 
noise voltage 
1= 1 Hz 
25°C 
9 
9 
nV/"ffi 


Peak-to-peak 
1= 0.1 Hz to 1 Hz 
25°C 
1 
1 
VN(PP) 
equivalent input 
IlV 
noise voltage 
1=0.1 
Hzt010Hz 
25°C 
1.4 
1.4 


In 
Equivalent input 
25°C 
0.6 
0.6 
IA/"ffi 
noise current 


Total harmonic 
VO=±2.3V, 
AV= 
1 
0.0011% 
0.0011% 


THO + N 
distortion plus 
1= 20 kHz, 
AV= 
10 
25°C 
0.004% 
0.004% 
noise 
RL= 
10 kQ 
AV= 
100 
0.03% 
0.03% 


Gain-bandwidth 
1= 10 kHz, 
RL= 10 kO, 
25°C 
2.25 
2.25 
MHz 
product 
CL = 100 pF 


Maximum 
VO(PP) = 4.6 V, 
AV= 
1, 


BOM 
output-swing 
25°C 
0.54 
0.54 
MHz 
bandwidth 
RL=10kQ, 
CL = 100 pF 


AV=-1, 
To 0.1% 
1.5 
1.5 


ts 
Settling time 
Step = -2.3 
V to 2.3 V, 
25°C 
IlS 
RL=10kQ, 
CL = 100 pF 
To 0.01% 
3.2 
3.2 


4>m 
Phase margin at 
25°C 
52° 
52° 
unity gain 
RL=10kQ, 
CL = 100 pF 


Gain margin 
25°C 
10 
10 
dB 
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TLC22721 electrical 
characteristics 
at specified 
free-air temperature, 
Voo = 5 V (unless otherwise 
noted) 


TAt 
TLC22721 
TLC2272AI 
PARAMETER 
TEST CONDITIONS 
UNIT 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


25°C 
300 
2500 
300 
950 
VIO 
Input offset voltage 
Full range 
3000 
1500 
~V 


Temperature coefficient 
25°C 
~V/oC 
aVIO 
of input offset voltage 
to 85°C 
2 
2 


Input offset voltage 
VIC=O, 
VOO±=±2.5V 


long-term drift 
VO=O, 
RS=50Q 
25°C 
0.002 
0.002 
~V/mo 
(see Note 4) 


25°C 
0.5 
0.5 


110 
Input offset current 
Full range 
150 
150 
pA 


25°C 
1 
1 
liB 
Input bias current 
Full range 
150 
150 
pA 


0 
-0.3 
0 
-0.3 
25°C 
to 
to 
to 
to 


Common-mode 
input 
4 
4.2 
4 
4.2 
VICR 
V 
voltage range 
RS =50Q, 
IVIO 1,,5 mV 
0 
0 


Full range 
to 
to 
3.5 
3.5 


IOH=-20~ 
25°C 
4.99 
4.99 


25°C 
4.85 
4.93 
4.85 
4.93 


VOH 


High-level output 
10H =-200~A 
Full range 
4.85 
4.85 
V 
voltage 
25°C 
4.25 
4.65 
4.25 
4.65 
10H =-1 
mA 
Full range 
4.25 
4.25 


VIC=2.5 
V, 
10L= 
50~A 
25°C 
0.01 
0.01 


25°C 
0.09 
0.15 
0.09 
0.15 


VOL 
Low-level output 
VIC= 
2.5 V, 
10L = 500 ~A 
Full range 
0.15 
0.15 
V 
voltage 
25°C 
0.9 
1.5 
0.9 
1.5 
VIC=2.5 
V, 
10L= 
5 mA 
Full range 
1.5 
1.5 


RL = 10 kQ+ 
25°C 
15 
35 
15 
35 


AVO 
Large-signal differential 
VIC=2.5 
V, 
Full range 
15 
15 
V/mV 
voltage amplification 
VO=1Vt04V 


RL= 
1 mQ+ 
25°C 
175 
175 


'id 


Differential input 
25°C 
1012 
1012 
Q 
resistance 


'i 


Common-mode 
input 


25°C 
1012 
1012 
Q 
resistance 


ci 
Common-mode 
input 
f = 10 kHz, 
P package 
25°C 
8 
8 
pF 
capacitance 


Zo 
Closed-loop output 
f= 
1 MHz, 
AV= 
10 
25°C 
140 
140 
Q 
impedance 


CMRR 


Common-mode 
VIC = 0 to 2.7 V, 
25°C 
70 
75 
70 
75 
rejection ratio 
Vo = 2.5 V, 
RS= 50 Q 
dB 
Full range 
70 
70 


kSVR 
Supply-voltage 
rejection 
VOO= 
4.4Vt016V, 
25°C 
80 
95 
80 
95 


ratio (tNOO/llVIO) 
VIC =Voo/2, 
No load 
Full range 
80 
dB 
80 


100 
Supply current 
25°C 
2.2 
3 
2.2 
3 
VO=2.5V, 
No load 
mA 
Full range 
3 
3 


t Full range is - 40°C to 85°C. 
+ Referenced to 2.5 V 
NOTE 4: 
Typical values are based on the input offset voltage shift observed through 168 hours of operating life test at TA = 150°C extrapolated 
to TA = 25°C using the Arrhenius equation and assuming an activation energy of 0.96 eV. 
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TAt 


TLC22721 
TLC2272AI 
PARAMETER 
TEST CONDITIONS 
UNIT 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


25°C 
2.3 
3.6 
2.3 
3.6 


SR 
Slew rate at 
Vo = 0.5 V to 2.5 V. 


V/Jls 
unity gain 
RL = 10 kQ+. 
CL = 100 pF+ 
Full 
1.7 
1.7 


range 


Equivalent input 
1= 10 Hz 
25°C 
50 
50 


Vn 
nVVHZ 
noise voltage 
1= 1 kHz 
25°C 
9 
9 


Peak-to-peak 
1= 0.1 Hz to 1 Hz 
25°C 
1 
1 


VNPP 
equivalent input 
JlV 


noise voltage 
1=0.1 
Hzt010Hz 
25°C 
1.4 
1.4 


In 
Equivalent input 
25°C 
0.6 
0.6 
IAVHZ 
noise current 


Total harmonic 
Vo = 0.5 V to 2.5 V. 
AV= 
1 
0.0013% 
0.0013% 


THO + N 
distortion plus 
1= 20 kHz, 
AV= 
10 
25°C 
0.004% 
0.004% 
noise 
RL = 10 kQ+ 
AV= 100 
0.03% 
0.03% 


Gain-bandwidth 
1= 10 kHz, 
RL= 
10kQ+, 
25°C 
2.18 
2.18 
MHz 
product 
CL = 100 pF+ 


BOM 
Maximum output- 
VO(PP) = 2V, 
AV= 
1, 
25°C 
1 
1 
MHz 
swing bandwidth 
RL= 
10 kQ+. 
CL = 100 pF+ 


AV=-1, 
To 0.1% 
1.5 
1.5 


ts 
Settling time 
Step = 0.5 V to 2.5 V, 
25°C 
JlS 
RL= 
10 kQ+. 
To 


CL = 100 pF+ 
0.01% 
2.6 
2.6 


<l>m 
Phase margin at 
25°C 
50° 
50° 
unity gain 
RL = 10 kQ+. 
CL = 100 pF+ 


Gain margin 
25°C 
10 
10 
dB 


t Full range is - 40°C to 85°C. 
+ Relerenced 
to 2.5 V 
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TLC22721electrical characteristics 
at specified free-air temperature, Voo± = ±5 V (unless otherwise 
noted) 


TAt 


TLC22721 
TLC2272AI 
PARAMETER 
TEST CONDITIONS 
UNIT 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


25°C 
300 
2500 
300 
950 
VIO 
Input offset voltage 
Full range 
3000 
1500 
llV 


Temperature coefficient 
25°C 
2 
2 
llVrC 
aVIO 
of input offset voltage 
to 85°C 


Input offset voltage 
VIC=O, 
VO=O, 
long-term drift 
25°C 
0.002 
0.002 
llV/mo 
(see Note 4) 
RS=50Q 


25°C 
0.5 
0.5 


110 
Input offset current 
Full range 
150 
150 
pA 


25°C 
1 
1 


liB 
Input bias current 
Full range 
150 
150 
pA 


-5 
-5.3 
-5 
-5.3 
25°C 
to 
to 
to 
to 
Common-mode 
input 
4 
4.2 
4 
4.2 
VICR 
voltage range 
RS = 50 Q, 
IVIOI ~5mV 
V 
-5 
-5 
Full range 
to 
to 


3.5 
3.5 


10 = -20 
lJ.A 
25°C 
4.99 
4.99 


25°C 
4.85 
4.93 
4.85 
4.93 


VOM+ 


Maximum positive peak 
10 =-200 
llA 
Full range 
4.85 
4.85 
V 
output voltage 
25°C 
4.25 
4.65 
4.25 
4.65 


10=-1 
mA 
Full range 
4.25 
4.25 


VIC=O, 
10 = 50 lJ.A 
25°C 
-4.99 
-4.99 


25°C 
-4.85 
-4.91 
-4.85 
-4.91 


VOM- 


Maximum negative 
VIC=O, 
10 = 5OO11A 
Full range 
-4.85 
-4.85 
V 
peak output voltage 
25°C 
-3.5 
-4.1 
-3.5 
-4.1 


VIC=O, 
10= 
SmA 
Full range 
-3.5 
-3.5 


Large-signal 
25°C 
25 
50 
25 
50 


AVD 
differential voltage 
VO=±4 
V 
RL= 
10kQ 
Full range 
25 
25 
V/mV 
amplification 
RL= 
1 mQ 
25°C 
300 
300 


rid 


Differential input 
25°C 
1012 
1012 
Q 
resistance 


r; 
Common-mode 
input 
25°C 
1012 
1012 
Q 
resistance 


ci 
Common-mode 
input 
f= 
10kHz, 
P package 
25°C 
8 
8 
pF 
capacitance 


Zo 
Closed-loop 
output 
f= 
1 MHz, 
AV= 10 
25°C 
130 
130 
Q 
impedance 


Common-mode 
VIC = Oto 2.7 V, 
25°C 
75 
80 
75 
80 
CMRR 
dB 
rejection ratio 
VO=2.5V, 
RS=50Q 
Full range 
75 
75 


Supply-voltage 
VDD= 
4.4Vt016V, 
25°C 
80 
95 
80 
95 
kSVR 
rejection ratio 
VIC =VDD/2, 
No load 
dB 


(~VDD±/~VIO) 
Full range 
80 
80 


25°C 
2.4 
3 
2.4 
3 


'DD 
Supply current 
VO=2.5V, 
No load 
mA 


Full range 
3 
3 


t Full range is - 40°C to 85°C. 
NOTE 4: 
Typical values are based on the input offset voltage shift observed through 168 hours of operating life test at TA = 150°C ex1rapolated 
to TA = 25°C using the Arrhenius equation and assuming an activation energy of 0.96 eV. 
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TAt 
TLC22721 
TLC2272AI 
PARAMETER 
TEST CONDITIONS 
UNIT 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


25°C 
2.3 
3.6 
2.3 
3.6 


SR 
Slew rate at 
YO;±2.3Y, 
RL; 
10kn, 
Y/JJ.s 
unity gain 
CL; 
100 pF 
Full 
1.7 
1.7 
range 


Equivalent input 
f; 
10 Hz 
25°C 
50 
50 
Yn 
nYVHZ 
noise voltage 
f; 
1 kHz 
25°C 
9 
9 


Peak-to-peak 
f ; 0.1 Hz to 1 Hz 
25°C 
1 
1 
YNPP 
equivalent input 
JJ.Y 
noise voltage 
f;0.1 
Hzt010Hz 
25°C 
1.4 
1.4 


In 
Equivalent input 
25°C 
0.6 
0.6 
fAVHZ 
noise current 


Total harmonic 
YO;±2.3 
Y 
Ay; 
1 
0.0011% 
0.0011% 


THD+ 
N 
distortion plus 
RL; 
10 kQ, 
Ay; 
10 
25°C 
0.004% 
0.004% 


noise 
f; 
20 kHz 
Ay; 
100 
0.03% 
0.03% 


Gain-bandwidth 
f ;10 
kHz, 
RL;10kQ, 
25°C 
2.25 
2.25 
MHz 
product 
CL;100pF 


Maximum 
YO(PP) ; 4.6 Y, 
Ay; 
1, 


BOM 
output-swing 
25°C 
0.54 
0.54 
MHz 
bandwidth 
RL;10kn, 
CL;100pF 


Ay;-1, 
To 0.1% 
1.5 
1.5 


ts 
Settling time 
Step; 
-2.3 
Y to 2.3 Y, 
25°C 
JJ.s 
RL; 
10kn, 


CL;100pF 
To 0.01% 
3.2 
3.2 


ct>m 
Phase margin at 
25°C 
52° 
52° 
unity gain 
RL;10kQ, 
CL; 
100 pF 


Gain margin 
25°C 
10 
10 
dB 
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TLC22741 electrical 
characteristics 
at.specified 
free-air temperature, 
Voo = 5 V (unless otherwise 
noted) 


TLC22741 
TLC2274AI 
PARAMETER 
TEST CONDITIONS 
TAt 
UNIT 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


25°C 
300 
2500 
300 
950 
VIO 
Input offset voltage 
Full range 
3000 
1500 
!lV 


Temperature coefficient of 
25°C 
2 
!lV/oC 
aVIO 
input offset voltage 
to 85°C 
2 


Input offset voltage 
VDD± = ±2.5 V, 
VIC=O, 
25°C 
0.002 
0.002 
!lV/mo 
long-term drift (see Note 4) 
VO=O, 
RS = 50n 


25°C 
0.5 
0.5 
110 
Input offset current 
Full range 
150 
150 
pA 


25°C 
1 
1 
liB 
Input bias current 
Full range 
150 
150 
pA 


0 
-0.3 
0 
-0.3 
25°C 
to 
to 
to 
to 


Common-mode 
input 
4 
4.2 
4 
4.2 
VICR 
voltage range 
RS = 50 n, 
IVIOI,; 
5mV 
V 
0 
0 
Full range 
to 
to 
3.5 
3.5 


10H = -20 
i1A 
25°C 
4.99 
4.99 


25°C 
4.85 
4.93 
4.85 
4.93 


VOH 
High-level output voltage 
10H =-200!lA 
Full range 
4.85 
4.85 
V 


25°C 
4.25 
4.65 
4.25 
4.65 
10H=-1 
mA 
Full range 
4.25 
4.25 


VIC =2.5 V, 
10l = 50 i1A 
25°C 
0.01 
0.01 


25°C 
0.09 
0.15 
0.09 
0.15 


VOL 
low-level 
output voltage 
VIC = 2.5 V, 
10l = 500 i1A 
Full range 
0.15 
0.15 
V 


25°C 
0.9 
1.5 
0.9 
1.5 
VIC = 2.5 V, 
10l= 
5 mA 
Full range 
1.5 
1.5 


Rl = 10 kn~ 
25°C 
15 
35 
15 
35 


AVD 
large-signal 
differential 
VIC=2.5 
V, 
Full range 
15 
15 
V/mV 
voltage amplification 
VO=lVt04V 
Rl= 
1 Mn~ 
25°C 
175 
175 


rjd 
Differential input resistance 
25°C 
1012 
1012 
n 


r; 
Common-mode 
input 
25°C 
1012 
1012 
n 
resistance 


ci 
Common-mode 
input 
f = 10 kHz, 
N package 
25°C 
8 
8 
pF 
capacitance 


Zo 
Closed-loop 
output 
f= 1 MHz, 
AV=10 
25°C 
140 
140 
n 
impedance 


Common-mode 
rejection 
VIC=Ot02.7V, 
25°C 
70 
75 
70 
75 
CMRR 
ratio 
VO=2.5V, 
RS=50n 
dB 
Full range 
70 
70 


Supply-voltage 
rejection 
VDD= 
4.4Vto16V, 
25°C 
80 
95 
80 
95 
kSVR 
ratio (6VDD /6VIO) 
VIC =VDD/2, 
No load 
dB 
Full range 
80 
80 


25°C 
4.4 
6 
4.4 
6 
'DD 
Supply current 
VO=2.5V, 
No load 
mA 
Full range 
6 
6 
t Full range is - 40°C to 85°C. 
~ Referenced to 2.5 V 
NOTE 4: 
Typical values are based on the input offset voltage shift observed through 168 hours of operating life test at TA = 150°C extrapolated 
to TA = 25°C using the Arrhenius equation and assuming an activation energy of 0.96 eV. 
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TLC22741 
TLC2274AI 
PARAMETER 
TEST CONDITIONS 
TAt 
UNIT 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


25°C 
2.3 
3.6 
2.3 
3.6 


SR 
Slew rate at unity 
Vo = 0.5 V to 2.5 V, 
V/IlS 
gain 
RL = 10 kO:t:, 
CL = 100 pF:t: 
Full 
1.7 
1.7 
range 


Equivalent input 
f= 
10 Hz 
25°C 
50 
50 
Vn 
noise voltage 
f = 1 kHz 
25°C 
9 
9 
nV/..JHZ 


Peak-to-peak 
f = 0.1 Hz to 1 Hz 
25°C 
1 
1 
VN(PP) 
equivalent input 
IlV 
noise voltage 
f = 0.1 Hz to 10Hz 
25°C 
1.4 
1.4 


In 
Equivalent input 
25°C 
0.6 
0.6 
fA/..JHZ 
noise current 


Vo = 0.5 V to 2.5 V, 
AV= 
1 
0.0013% 
0.0013% 


THD+ 
N 
Total harmonic 
f = 20 kHz, 
AV= 
10 
25°C 
0.004% 
0.004% 
distortion plus noise 
RL = 10 kO:t: 
AV= 100 
0.03% 
0.03% 


Gain-bandwidth 
f = 10 kHz, 
RL = 10 kO:t:, 
25°C 
2.18 
2.18 
MHz 
product 
CL = 100 pF:t: 


Maximum 
VO(PP) =2 V, 
AV= 
1, 


BOM 
output-swing 
RL = 10 kO:t:, 
CL = 100 pF:t: 
25°C 
1 
1 
MHz 
bandwidth 


AV=-1, 
ToO.1% 
1.5 
1.5 


ts 
Settling time 
Step = 0.5 V to 2.5 V, 
25°C 
Ils 
RL = 10 kO:t:, 
CL = 100 pF:t: 
To 0.01% 
2.6 
2.6 


<l>m 
Phase margin at 
25°C 
50° 
50° 
unity gain 
RL = 10 kO:t:, 
CL = 100 pF:t: 


Gain margin 
25°C 
10 
10 
dB 
t Full range is - 40°C to 85°C. 
:t:Referenced to 2.5 V 


~TEXAS 
INSTRUMENTS 


TLC227x, TLC227xA, TLC227xY 
Advanced 
LinCMOSTM RAIL-TO-RAIL 
OPERATIONAL AMPLIFIERS 
SLOS190- 
FEBRUARY 
1997 


TLC22741electrical characteristics 
at specified free-air temperature, Voo± = ±5 V (unless otherwise 
noted) 


TLC22741 
TLC2274AI 
PARAMETER 
TEST CONDITIONS 
TAt 
UNIT 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


25°C 
300 
2500 
300 
950 
VIO 
Input offset voltage 
Full range 
3000 
1500 
~V 


Temperature coefficient of 
25°C 
2 
~V/oC 
aVIO 
input offset voltage 
to 85°C 
2 


Input offset voltage 
VIC=O, 
VO=O, 
25°C 
0.002 
0.002 
~V/mo 
long-term drift (see Note 4) 
RS = 50 n 


25°C 
0.5 
0.5 
110 
Input offset current 
Full range 
150 
150 
pA 


25°C 
1 
1 
liB 
Input bias current 
Full range 
150 
150 
pA 


-5 
-5.3 
-5 
-5.3 
25°C 
to 
to 
to 
to 


Common-mode 
input 
4 
4.2 
4 
4.2 
VICR 
voltage range 
RS = 50 n, 
IVIO Is 5 mV 
V 
-5 
-5 
Full range 
to 
to 
3.5 
3.5 


10=-20~A 
25°C 
4.99 
4.99 


25°C 
4.85 
4.93 
4.85 
4.93 


VOM+ 
Maximum positive peak 
10=-200~ 
Full range 
4.85 
4.85 
V 
output voltage 
25°C 
4.25 
4.65 
4.25 
4.65 
10=-1 
mA 
Full range 
4.25 
4.25 


VIC=O, 
10= 
50~ 
25°C 
-4.99 
-4.99 


25°C 
-4.85 
-4.91 
-4.85 
-4.91 


VOM- 
Maximum negative peak 
VIC=O, 
10= 
500~ 
Full range 
-4.85 
-4.85 
V 
output voltage 
25°C 
-3.5 
-4.1 
-3.5 
-4.1 
V'C=O, 
10 = 5 mA 
Full range 
-3.5 
-3.5 


25°C 
25 
50 
25 
50 


AVO 
Large-signal differential 
Vo = ±4 V 
RL = 10 kn 
Full range 
25 
25 
V/mV 
voltage amplification 
RL= 
1 Mn 
25°C 
300 
300 


rtd 
Differential input resistance 
25°C 
1012 
1012 
n 


ri 
Common-mode 
input 
25°C 
1012 
1012 
n 
resistance 


ci 
Common-mode 
input 
f = 10 kHz, 
N package 
25°C 
8 
8 
pF 
capacitance 


Zo 
Closed-loop output 
f= 1 MHz, 
AV= 10 
25°C 
130 
130 
n 
impedance 


Common-mode 
rejection 
VIC = -5to 
2.7 V, 
25°C 
75 
80 
75 
80 
CMRR 
ratio 
VO=O, 
RS= 50n 
dB 
Full range 
75 
75 


Supply-voltage 
rejection 
VOO± = ±2.2 V to ±8 V, 
25°C 
80 
95 
80 
95 
kSVR 
ratio (6VOO±/6VIO) 
VIC=O, 
No load 
dB 
Full range 
80 
80 


25°C 
4.8 
6 
4.8 
6 
'DO 
Supply current 
VO=O, 
No load 
mA 
Full range 
6 
6 


t Full range is - 40°C to 85°C. 
NOTE 4: 
Typical values are based on the input offset voltage shift observed through 168 hours of operating life test at TA = 150°C extrapolated 
to TA = 25°C using the Arrhenius equation and assuming an activation energy of 0.96 eV. 
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TLC22741 
TLC2274AI 
PARAMETER 
TEST CONDITIONS 
TAt 
UNIT 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


25°C 
2.3 
3.6 
2.3 
3.6 


SR 
Slew rate at unity 
VO=±2.3 
V, 
RL = 10 kil, 


Full 
V/Jls 
gain 
CL = 100 pF 
1.7 
1.7 
range 


Equivalent input 
f = 10 Hz 
25°C 
50 
50 
Vn 
noise voltage 
1= 1 kHz 
25°C 
9 
9 
nV/*IZ 


Peak-to-peak 
1= 0.1 Hz to 1 Hz 
25°C 
1 
1 
VN(PP) 
equivalent input 
JlV 
noise voltage 
1=0.1 
Hz to 10Hz 
25°C 
1.4 
1.4 


In 
Equivalent input 
25°C 
0.6 
0.6 
IA/*IZ 
noise current 


Total harmonic 
VO=±2.3 
V, 
AV= 
1 
0.0011% 
0.0011% 


THD + N 
distortion plus 
RL= 
10 kil, 
AV= 
10 
25°C 
0.004% 
0.004% 
noise 
1= 20 kHz 
AV= 
100 
0.03% 
0.03% 


Gain-bandwidth 
1= 10 kHz, 
RL = 10 kil, 
25°C 
2.25 
2.25 
MHz 
product 
CL = 100 pF 


BOM 
Maximum output- 
VO(PP) = 4.6 V, 
AV= 
1, 
25°C 
0.54 
0.54 
MHz 
swing bandwidth 
RL=10kil, 
CL = 100 pF 


Av=-1, 
To 0.1% 
1.5 
1.5 


ts 
Settling time 
Step = -2.3 
V to 2.3 V, 
25°C 
Jls 
RL = 10 kil, 
CL=100pF 
To 0.01% 
3.2 
3.2 


$m 
Phase margin at 
25°C 
52° 
52° 
unity gain 
RL = 10 kil, 
CL = 100 pF 


Gain margin 
25°C 
10 
10 
dB 


~TEXAS 
INSTRUMENTS 


TLC227x,TLC227xA,TLC227xY 
Advanced LinCMOSTM RAIL-TO-RAIL 
OPERATIONAL AMPLIFIERS 
SLOS190 
- FEBRUARY 
1997 


TLC2272M 
electrical 
characteristics 
at specified free-air temperature, 
Voo = 5 V (unless otherwise 
noted) 


TAt 
TLC2272M 
TLC2272AM 
PARAMETER 
TEST CONDITIONS 
UNIT 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


25°C 
300 
2500 
300 
950 
Via 
Input offset voltage 
Full range 
3000 
1500 
~V 


Temperature coefficient 
25°C 
~V/oC 
°VIO 
of input offset voltage 
to 125°C 
2 
2 


Input offset voltage 
VIC=O, 
VOO±=±2.5V, 
0.00 
long-term drift 
VO=O, 
RS =500 
25°C 
0.002 
2 
~V/mo 
(see Note 4) 


25°C 
0.5 
0.5 
110 
Input offset current 
Full range 
500 
500 
pA 


25°C 
1 
1 
liB 
Input bias current 
Full range 
500 
500 
pA 


0 
-0.3 
0 
-0.3 
25°C 
to 
to 
to 
to 
Common-mode 
input 
4 
4.2 
4 
4.2 
VICR 
voltage range 
RS=500, 
IVlol,s5mV 
V 
0 
0 
Full range 
to 
to 
3.5 
3.5 


IOH =-20~ 
25°C 
4.99 
4.99 


25°C 
4.85 
4.93 
4.85 
4.93 


VOH 
High-level output 
IOH =-200~A 
Full range 
4.85 
4.85 
V 
voltage 
25°C 
4.25 
4.65 
4.25 
4.65 
10H =-1 
mA 
Full range 
4.25 
4.25 


VIC=2.5 
V, 
IOL= 
50~A 
25°C 
0.01 
0.01 


25°C 
0.09 
0.15 
0.09 
0.15 


VOL 
Low-level output 
VIC=2.5 
V, 
IOL = 500 ~A 
Full range 
0.15 
0.15 
V 
voltage 


25°C 
0.9 
1.5 
0.9 
1.5 
VIC =2.5 V, 
IOL= 
5 mA 
Full range 
1.5 
1.5 


Large-signal 
RL = 10 kO+ 
25°C 
10 
35 
, 
10 
35 


AVO 
differential voltage 
VIC =2.5 
V, 
Full range 
10 
10 
V/mV 
VO=1Vt04V 
amplification 
RL= 
1 mO+ 
25°C 
175 
175 


'id 
Oifferential input 
25°C 
1012 
1012 
0 
resistance 


ri 
Common-mode 
input 
25°C 
1012 
1012 
0 
resistance 


ci 
Common-mode 
input 
f = 10 kHz, 
P package 
25°C 
8 
8 
pF 
capacitance 


Zo 
Closed-loop 
output 
f= 1 MHz, 
AV= 
10 
25°C 
140 
140 
0 
impedance 


Common-mode 
VIC = 0 to 2.7 V, 
25°C 
70 
75 
70 
75 
CMRR 
rejection ratio 
VO=2.5V, 
RS = 50 0 
dB 
Full range 
70 
70 


Supply-voltage 
rejection 
VOO= 
4.4Vt016V, 
25°C 
80 
95 
80 
95 
kSVR 
ratio (tNDD/l>VIO) 
VIC =Voo/2, 
No load 
Full range 
80 
dB 
80 


100 
Supply current 
25°C 
2.2 
3 
2.2 
3 
VO=2.5V, 
No load 
mA 
Full range 
3 
3 


Full ran e is - 55°C to 125°C. 
g 
:j: Referenced to 2.5 V 


NOTE 4: 
Typical values are based on the input offset voltage shift observed through 168 hours of operating life test at TA = 150°C extrapolated 
to TA = 25°C using the Arrhenius equation and assuming an activation energy of 0.96 eV. 
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TAt 


TLC2272M 
TLC2272AM 
PARAMETER 
TEST CONDITIONS 
UNIT 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


25°C 
2.3 
3.6 
2.3 
3.6 


SR 
Slew rate at 
Va = 0.5 V to 2.5 V, 
V/IlS 
unity gain 
RL= 
10 kQl 
CL = 100 pFl 
Full 
1.7 
1.7 
range 


Equivalent input 
f= 10 Hz 
25°C 
50 
50 


Vn 
noise voltage 
f= 1 kHz 
25°C 
9 
9 


nV/..JHZ 


Peak-to-peak 
f = 0.1 Hz to 1 Hz 
25°C 
1 
1 


VNPP 
equivalent input 
IlV 


noise voltage 
f = 0.1 Hz to 10Hz 
25°C 
1.4 
1.4 


In 


Equivalent input 
25°C 
0.6 
0.6 
w..JHZ 


noise current 


Total harmonic 
Va = 0.5 V to 2.5 V, 
AV= 
1 
0.0013% 
0.0013% 


THD + N 
distortion plus 
f = 20 kHz, 
AV= 
10 
25°C 
0.004% 
0.004% 


noise 
RL = 10 kQl, 
AV = 100 
0.03% 
0.03% 


Gain-bandwidth 
f =10 
kHz, 
RL = 10 kQl, 
25°C 
2.18 
2.18 
MHz 
product 
CL = 100 pFl 


BOM 
Maximum output- 
Va(pp) 
=2 V, 
AV= 
1, 
25°C 
1 
1 
MHz 
swing bandwidth 
RL = 10 kQl, 
CL = 100 pFl 


AV=-1. 
To 0.1% 
1.5 
1.5 


ts 
Settling time 
Step = 0.5 V to 2.5 V. 
25°C 
I'S 
RL= 
10 kQl, 


CL = 100 pFl 
To 0.01% 
2.6 
2.6 


<l>m 
Phase margin at 
25°C 
50° 
50° 
unity gain 
RL = 10 kQ+, 
CL = 100 pF+ 


Gain margin 
25°C 
10 
10 
dB 


t Full range is - 55°C to 125°C. 
l Referenced to 2.5 V 
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TLC2272M 
electrical 
characteristics 
at specified 
free-air 
temperature, 
Voo± 
= ±5 
V (unless 
otherwise 
noted) 


TLC2272M 
TLC2272AM 
PARAMETER 
TEST CONDITIONS 
TAt 
UNIT 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


25°C 
300 
2500 
300 
950 
VIO 
Input offset voltage 
Full range 
3000 
1500 
llV 


Temperature coefficient of 
25°C 
llV/oC 
aVIO 
input offset voltage 
to 125°C 
2 
2 


Input offset voltage 
VIC=O, 
VO=O, 
long-term drift 
RS=50Q 
25°C 
0.002 
0.002 
llV/mo 
(see Note 4) 


25°C 
0.5 
0.5 
110 
Input offset current 
Full range 
500 
500 
pA 


25°C 
1 
1 


liB 
Input bias current 


Full range 
500 
500 
pA 


-5 
-5.3 
-5 
-5.3 
25°C 
to 
to 
to 
to 


Common-mode 
input 
4 
4.2 
4 
4.2 
VICR 
RS = 50Q, 
IVlol 
S5mV 
V 
voltage range 
-5 
-5 


Full range 
to 
to 
3.5 
3.5 


10 =-20 
llA 
25°C 
4.99 
4.99 


25°C 
4.85 
4.93 
4.85 
4.93 


VOM+ 
Maximum positive peak 
10 =-200 
llA 
Full range 
4.85 
4.85 
V 
output voltage 
25°C 
4.25 
4.65 
4.25 
4.65 


10=-1 
mA 
Full range 
4.25 
4.25 


VIC=O, 
10 = 50 llA 
25°C 
-4.99 
-4.99 


25°C 
-4.85 
-4.91 
-4.85 
-4.91 


VOM- 
Maximum negative peak 
VIC=O, 
10 = 500llA 
Full range 
-4.85 
-4.85 
V 
output voltage 
25°C 
-3.5 
-4.1 
-3.5 
-4.1 
VIC=O, 
10 = 5 mA 
Full range 
-3.5 
-3.5 


25°C 
20 
50 
20 
50 


AVD 
Large-signal differential 
VO=±4 
V 
RL= 
10 kQ 
Full range 
20 
20 
V/mV 
voltage amplification 
RL= 
1 mQ 
25°C 
300 
300 


'id 


Differential input 
25°C 
1012 
1012 
Q 
resistance 


'i 
Common-mode 
input 
25°C 
1012 
1012 
Q 
resistance 


ci 
Common-mode 
input 
f = 10 kHz, 
P package 
25°C 
8 
8 
pF 
capacitance 


Zo 
Closed-loop output 
f= 1 MHz, 
AV= 
10 
25°C 
130 
130 
Q 
impedance 


Common-mode 
rejection 
VIC = 0 to 2.7 V, 
25°C 
75 
80 
75 
80 
CMRR 
dB 
ratio 
VO=2.5V, 
RS= 50 Q 
Full range 
75 
75 


Supply-voltage 
rejection 
VDD= 
4.4Vt016V, 
25°C 
80 
95 
80 
95 
kSVR 
ratio (6VDD±/6VI0) 
VIC=O, 
No load 
Full range 
80 
80 
dB 


IDD 
Supply current 
25°C 
2.4 
3 
2.4 
3 
VO=2.5V, 
No load 
mA 
Full range 
3 
3 


t Full range is - 55°C to 125°C. 
NOTE 4: 
Typical values are based on the input offset voltage shift observed through 168 hours of operating life test at TA = 150°C ex1rapolated 
to TA = 25°C using the Arrhenius equation and assuming an activation energy of 0.96 eV. 
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TAt 
TLC2272M 
TLC2272AM 
PARAMETER 
TEST CONDITIONS 
UNIT 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


25°C 
2.3 
3.6 
2.3 
3.6 


SR 
Slew rate at 
VO=±2.3V, 
RL=10kn, 


V/flS 
unity gain 
CL=1OOpF 
Full 
1.7 
1.7 
range 


Equivalent input 
1= 10 Hz 
25°C 
50 
50 
Vn 
nV/.JHZ 
noise voltage 
1= 1 kHz 
25°C 
9 
9 


Peak-to-peak 
1= 0.1 Hz to 1 Hz 
25°C 
1 
1 
VNPP 
equivalent input 
flY 
noise voltage 
1=0.1 
Hzt010Hz 
25°C 
1.4 
1.4 


In 
Equivalent input 
25°C 
0.6 
0.6 
IAI.JHZ 
noise current 


Total harmonic 
VO=±2.3 
V 
AV= 
1 
0.0011% 
0.0011% 


THD+ 
N 
distortion plus 
RL=10kQ, 
AV= 
10 
25°C 
0.004% 
0.004% 
noise 
1= 20 kHz 
AV = 100 
0.03% 
0.03% 


Gain-bandwidth 
1=10 kHz, 
RL=10kQ, 
25°C 
2.25 
2.25 
MHz 
product 
CL = 100 pF 


Maximum 
VO(PP) = 4.6 V, 
AV= 
1, 
BOM 
output-swing 
25°C 
0.54 
0.54 
MHz 
bandwidth 
RL=10kn, 
CL= 
100pF 


AV=-1, 
To 0.1% 
1.5 
1.5 


ts 
Settling time 
Step = -2.3 
V to 2.3 V, 
25°C 
flS 
RL=10kn, 
CL = 100 pF 
To 0.01% 
3.2 
3.2 


<l>m 
Phase margin at 
25°C 
52° 
52° 
unity gain 
RL=10kn, 
CL = 100 pF 


Gain margin 
25°C 
10 
10 
dB 
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TLC2274M 
electrical 
characteristics 
at specified 
free-air temperature, 
Voo = 5 V (unless otherwise 
noted) 


TLC2274M 
TLC2274AM 
PARAMETER 
TEST CONDITIONS 
TAt 
UNIT 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


25°C 
300 
2500 
300 
950 
VIO 
Input offset voltage 
Full range 
3000 
1500 
~V 


Temperature coefficient 
25°C 
~V/oC 
aVIO 
of input offset voltage 
to 125°C 
2 
2 


Input offset voltage 
VDD± = ±2.5 V, 
VIC=O, 
long-term drift 
VO=O, 
RS=50n 
25°C 
0.002 
0.002 
~V/mo 


(see Note 4) 


25°C 
0.5 
0.5 
110 
Input offset current 
Full range 
500 
500 
pA 


25°C 
1 
1 
liB 
Input bias current 
Full range 
500 
500 
pA 


0 
-0.3 
0 
-0.3 
25°C 
to 
to 
to 
to 


Common-mode 
input 
4 
4.2 
4 
4.2 
VICR 
RS = 50 n, 
IVlolS 
5mV 
V 
voltage range 
0 
0 
Full range 
to 
to 
3.5 
3.5 


IOH=-20~ 
25°C 
4.99 
4.99 


25°C 
4.85 
4.93 
4.85 
4.93 


VOH 
High-level output 
IOH=-200~ 
Full range 
4.85 
4.85 
V 
voltage 
25°C 
4.25 
4.65 
4.25 
4.65 
IOH=-1 
mA 
Full range 
4.25 
4.25 


VIC =2.5V, 
10L= 
50~ 
25°C 
0.01 
0.01 


VIC =2.5 V, 
25°C 
0.09 
0.15 
0.09 
0.15 


VOL 
Low-level output 
10L= 
500~ 
Full range 
0.15 
0.15 
V 
voltage 
25°C 
0.9 
1.5 
0.9 
1.5 
VIC=2.5 
V, 
10L= 
5 mA 
Full range 
1.5 
1.5 


RL= 
10 knt 
25°C 
10 
35 
10 
35 


AVD 
Large-signal 
differential 
VIC=2.5 
V, 
Full range 
10 
10 
V/mV 
voltage amplification 
VO=1Vt04V 
RL= 1 Mnt 
25°C 
175 
175 


rjd 
Differential input 
25°C 
1012 
1012 
n 
resistance 


rj 
Common-mode 
input 
25°C 
1012 
1012 
n 
resistance 


ci 
Common-mode 
input 
f = 10 kHz, 
N package 
25°C 
8 
8 
pF 
capacitance 


Zo 
Closed-loop output 
f= 1 MHz, 
AV= 
10 
25°C 
140 
140 
n 
impedance 


CMRR 
Common-mode 
VIC=Ot02.7V, 
25°C 
70 
75 
70 
75 
rejection ratio 
VO=2.5V, 
RS= 50n 
Full range 
70 
70 
dB 


kSVR 
Supply-voltage 
rejection 
VDD = 4.4 V to 16, 
25°C 
80 
95 
80 
95 
ratio (dVDD/dVIO) 
VIC=VDD/2, 
No load 
Full range 
80 
dB 
80 


IDD 
Supply current 
25°C 
4.4 
6 
4.4 
6 
VO=2.5V, 
No load 
mA 
Full range 
6 
6 


Full ran e is - 55°C to 125°C. 
g 
t Referenced to 2.5 V 
NOTE 4: 
Typical values are based on the input offset voltage shift observed through 168 hours of operating life test at TA = 150°C extrapolated 
to TA = 25°C using the Arrhenius equation and assuming an activation energy of 0.96 eV. 


~TEXAS 
INSTRUMENTS 


TLC227x, TLC227xA, TLC227xY 
Advanced LinCMOSTM RAIL-TO-RAIL 
OPERATIONAL AMPLIFIERS 
SLOS190 
- FEBRUARY 
1997 


TLC2274M 
TLC2274AM 
PARAMETER 
TEST CONDITIONS 
TAt 
UNIT 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


25°C 
2.3 
3.6 
2.3 
3.6 


SR 
Slew rate at unity 
Vo = 0.5 V to 2.5 V, 
V/Jls 
gain 
RL = 10 kilt, 
CL = 100 pFt 
Full 
1.7 
1.7 
range 


Equivalent input 
1= 10 Hz 
25°C 
50 
50 


Vn 
noise voltage 
1= 1 kHz 
25°C 
9 
9 
nV/VHZ 


Peak-to-peak 
1= 0.1 Hz to 1 Hz 
25°C 
1 
1 


VN(PP) 
equivalent input 
JlV 


noise voltage 
1=0.1 
Hzt010Hz 
25°C 
1.4 
1.4 


In 


Equivalent input 
25°C 
0.6 
0.6 
IA/VHZ 
noise current 


Total harmonic 
Vo = 0.5 V to 2.5 V, 
AV= 
1 
0.0013% 
0.0013% 


THD + N 
distortion plus 
1= 20 kHz, 
AV= 
10 
25°C 
0.004% 
0.004% 


noise 
RL = 10 kil:l: 
AV= 
100 
0.03% 
0.03% 


Gain-bandwidth 
1= 10 kHz, 
RL= 
10kQ:I:, 
25°C 
2.18 
2.18 
MHz 
product 
CL = 100 pF:I: 


BOM 
Maximum output- 
VO(PP) =2V, 
AV= 
1, 
25°C 
1 
1 
MHz 
swing bandwidth 
RL= 
10 kQt, 
CL = 100 pF:I: 


AV=-1, 
To 0.1% 
1.5 
1.5 
ts 
Settling time 
Step = 0.5 V to 2.5 V, 
25°C 
Jls 
RL= 
10 kilt, 


CL = 100 pF:I: 
To 0.01% 
2.6 
2.6 


<l>m 
Phase margin at 
25°C 
50° 
50° 
unity gain 
RL= 
10 kilt, 
CL = 100 pF:I: 


Gain margin 
25°C 
10 
10 
dB 


t Full range is - 55°C to 125°C. 
:I:Relerenced to 2.5 V 
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TLC2274M 
electrical 
characteristics 
at specified 
free-air 
temperature, 
Voo± 
= ±5 
V (unless 
otherwise 
noted) 


TLC2274M 
TLC2274AM 
PARAMETER 
TEST CONDITIONS 
TAt 
UNIT 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


25°C 
300 
2500 
300 
950 
VIO 
Input offset voltage 
Full range 
3000 
1500 
~V 


Temperature coefficient 01 
25°C 
2 
2 
~V/oC 
(lVIO 
input offset voltage 
to 125°C 


Input offset voltage long- 
VIC=O, 
VO=O, 
25°C 
0.002 
0.002 
~V/mo 
term drift (see Note 4) 
RS= 50 n 


25°C 
0.5 
0.5 
110 
Input offset current 


Full range 
500 
500 
pA 


25°C 
1 
1 
liB 
Input bias current 
Full range 
500 
500 
pA 


-5 
-5.3 
-5 
-5.3 
25°C 
to 
to 
to 
to 


Common-mode 
input 
4 
4.2 
4 
4.2 
VICR 
RS = 50 n, 
IVlol':; 
5mV 
V 
voltage range 
-5 
-5 
Full range 
to 
to 
3.5 
3.5 


10=-20~ 
25°C 
4.99 
4.99 


25°C 
4.85 
4.93 
4.85 
4.93 


VOM+ 
Maximum positive peak 
10=-200~ 
Full range 
4.85 
4.85 
V 
output voltage 
25°C 
4.25 
4.65 
4.25 
4.65 
10=-1 
mA 
Full range 
4.25 
4.25 


VIC=O, 
10= 
50~ 
25°C 
-4.99 
-4.99 


25°C 
-4.85 
-4.91 
-4.85 
-4.91 


VOM- 
Maximum negative peak 
V'C=O, 
10= 
500~ 
Full range 
-4.85 
-4.85 
V 
output voltage 
25°C 
-3.5 
-4.1 
-3.5 
-4.1 
VIC=O. 
10 = 5 mA 
Full range 
-3.5 
-3.5 


25°C 
20 
50 
20 
50 


AVD 
Large-signal differential 
VO=±4 
V 
RL= 10kn 
Full range 
20 
20 
V/mV 
voltage amplilication 
RL= 
1 Mn 
25°C 
300 
300 


'id 
Differential input resistance 
25°C 
1012 
1012 
n 


'i 
Common-mode 
input 
25°C 
1012 
1012 
n 
resistance 


ci 
Common-mode 
input 
1= 10 kHz, 
N package 
25°C 
8 
8 
pF 
capacitance 


Zo 
Closed-loop output 
1= 1 MHz, 
AV= 
10 
25°C 
130 
130 
n 
impedance 


Common-mode 
rejection 
VIC = -5 V to 2.7 V 
25°C 
75 
80 
75 
80 
CMRR 
dB 
ratio 
VO=O, 
RS=50n 
Full range 
75 
75 


Supply-voltage 
rejection 
VDD± = ± 2.2 V to ±8 V. 
25°C 
80 
95 
80 
95 
kSVR 
dB 
ratio (6VDD±/6VI0) 
VIC=O, 
No load 
Full range 
80 
80 


25°C 
4.8 
6 
4.8 
6 
IDD 
Supply current 
VO=O, 
No load 
mA 
Full range 
6 
6 
t Full range is - 55°C to 125°C. 
NOTE 4: 
Typical values are based on the input offset voltage shift observed through 168 hours 01operating Iile test at TA = 150°C extrapolated 
to TA = 25°C using the Arrhenius equation and assuming an activation energy 010.96 eV. 
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TLC2274M 
TLC2274AM 
PARAMETER 
TEST CONDITIONS 
TAt 
UNIT 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


25°C 
2.3 
3.6 
2.3 
3.6 


SR 
Slew rate at unity 
VO=±2.3V, 
RL = 10 kfl, 


Full 
V/flS 
gain 
CL= 
100pF 
1.7 
1.7 
range 


Equivalent input 
f= 
10 Hz 
25°C 
50 
50 
Vn 
noise voltage 
f= 1 kHz 
25°C 
9 
9 
nV/.JHZ 


Peak-to-peak 
f = 0.1 Hz to 1 Hz 
25°C 
1 
1 
VN(PP) 
equivalent input 
flY 
noise voltage 
f = 0.1 Hz to 10Hz 
25°C 
1.4 
1.4 


In 
Equivalent input 
25°C 
0.6 
0.6 
fA/.JHZ 
noise current 


Total harmonic 
VO=±2.3 
V, 
AV= 
1 
0.0011% 
0.0011% 


THD+ 
N 
distortion plus 
RL = 10 kQ, 
AV= 
10 
25°C 
0.004% 
0.004% 
noise 
f = 20 kHz 
AV= 
100 
0.03% 
0.03% 


Gain-bandwidth 
f = 10 kHz, 
RL = 10 kfl, 
25°C 
2.25 
2.25 
MHz 
product 
CL = 100 pF 


Maximum 
VO(PP) = 4.6 V, 
AV= 
1, 
80M 
output-swing 
25°C 
0.54 
0.54 
MHz 
bandwidth 
RL = 10 kQ, 
CL = 100 pF 


AV=-1, 
ToO.1% 
1.5 
1.5 


ts 
Settling time 
Step = -2.3 
V to 2.3 V, 
25°C 
fls 
RL = 10 kfl, 
CL=1oopF 
ToO.01% 
3.2 
3.2 


<!1m 
Phase margin at 
25°C 
52° 
52° 
unit gain 
RL = 10 kfl, 
CL = 100 pF 


Gain margin 
25°C 
10 
10 
d8 
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TLC2274Y 
PARAMETER 
TEST CONDITIONS 
UNIT 
MIN 
TYP 
MAX 


VIO 
Input offset voltage 
300 
2500 
llV 


110 
Input offset current 
VIC=O, 
VDD± = ±2.5 V, 
0.5 
100 
pA 
VO=O, 
RS=50n 


liB 
Input bias current 
1 
100 
pA 


0 
-0.3 


VICR 
Common-mode 
input voltage range 
RS=50n 
to 
to 
V 


4 
4.2 


IVI0Is5mV 
4.99 


VOH 
High-level output voltage 
10H =-20!1A 
4.85 
4.93 
V 


10H = -200 
!1A 
4.25 
4.65 


10L =-1 
mA 
0.01 


VOL 
Low-level output voltage 
VIC=2.5 
V, 
10L = 50!1A 
0.09 
0.15 
V 


VIC=2.5 
V, 
10L = 500!1A 
0.9 
1.5 


VIC =2.5 V, 
I RL= 
10 knt 
15 
35 
AVD 
Large-signal differential voltage amplification 
V/mV 
IOL=5 
mA 
I RL= 
1 Mnt 
175 


'id 
Differential input resistance 
Vo = 1 Vt04 
V 
1012 
n 


'i 
Common-mode 
input resistance 
1012 
n 


ci 
Common-mode 
input capacitance 
f= 10 kHz 
8 
pF 


zo 
Closed-loop output impedance 
f= 1 MHz, 
AV= 
10 
140 
n 


CMRR 
Common-mode 
rejection ratio 
VIC = 0 to 2.7 V, 
VO=2.5V, 
70 
75 
dB 
RS = son 


kSVR 
Supply-voltage 
rejection ratio (~VDD/~VIO) 
VDD = 4.4 Vto 
16 V, 
VIC =VDD/2, 
80 
95 
dB 
No load 


'DD 
Supply current 
Vo =2.5 V, 
No load 
4.4 
6 
mA 
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TLC2272Y 
PARAMETER 
TEST CONDITIONS 
UNIT 
MIN 
TYP 
MAX 


VIO 
Input offset voltage 
300 
2500 
~V 


110 
Input offset current 
VIC;O, 
VOO±; 
±2.5 V, 
0.5 
100 
pA 
VO;O, 
RS; 
50 Q 


liB 
Input bias current 
1 
100 
pA 


0 
-0.3 


VICR 
Common-mode 
input voltage range 
RS;50Q, 
IV101,;5mV 
to 
to 
V 
4 
4.2 


IOH;-20~ 
4.99 


VOH 
High-level output voltage 
10H ;-200~A 
4.85 
4.93 
V 


IOH;-1 
mA 
4.25 
4.65 


VIC ;2.5 
V, 
10L; 
50~A 
0.01 


VOL 
Low-level output voltage 
VIC;2.5 
V, 
IOL;500~ 
0.09 
0.15 
V 


VIC;2.5 
V, 
10L; 
5 mA 
0.9 
1.5 


Large-signal 
differential voltage 
VIC; 
2.5 V, 
IRL; 
10 kQt 
15 
35 
AVO 
V/mV 
amplification 
VO; 
1 Vt04 
V 
I RL; 
1 MQt 
175 


rid 
Differential input resistance 
1012 
Q 


q 
Common-mode 
input resistance 
1012 
Q 


ci 
Common-mode 
input capacitance 
f; 
10 kHz 
8 
pF 


Zo 
Closed-loop 
output impedance 
f; 
1 MHz, 
AV; 
10 
140 
Q 


CMRR 
Common-mode 
rejection ratio 
VIC; 
0 to 2.7 V, 
VO;2.5V, 
RS; 
50Q 
70 
75 
dB 


kSVR 
Supply-voltage 
rejection ratio 
VOO; 
4.4 Vto 
16 V, 
VIC ;Voo/2, 
No load 
80 
95 
dB 
(AVoo/AVIO) 


100 
Supply current 
VO; 
2.5 V, 
No load 
2.2 
3 
mA 
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TLC2272Y 
PARAMETER 
TEST CONDITIONS 
UNIT 
MIN 
TYP 
MAX 


VIO 
Input offset voltage 
300 
2500 
I1V 


110 
Input offset current 
VIC=O, 
RS = 50 Q, 
VO=O 
0.5 
100 
pA 


liB 
Input bias current 
1 
100 
pA 


-5 
-5.3 


VICR 
Common-mode 
input voltage range 
RS = 50 Q, 
I VIO I $5 mV 
to 
to 
V 
4 
4.2 


10 = -20 
IJ.A 
4.99 


VOM+ 
Maximum positive peak output voltage 
10 = -200 
!!A 
4.85 
4.93 
V 


10=-1 
mA 
4.25 
4.65 


VIC=O, 
10L = 50 IJ.A 
-4.99 


VOM- 
Maximum negative peak output voltage 
VIC=O, 
10L = 500 I1A 
-4.85 
-4.91 
V 


VIC=O, 
10L= 5 mA 
-3.5 
-4.1 


Large-signal differential voltage 
I RL = 10 kQ 
25 
50 
AVO 
VO=±4 
V 
V/mV 
amplification 
I RL= 
1 MQ 
300 


rjd 
Differential input resistance 
1012 
Q 


rj 
Common-mode 
input resistance 
1012 
Q 


Cj 
Common-mode 
input capacitance 
f = 10 kHz 
8 
pF 


zo 
Closed-ioop output impedance 
f= 1 MHz, 
AV= 
10 
130 
Q 


CMRR 
Common-mode 
rejection ratio 
VIC=-5Vt02.7V, 
VO=O, 
RS=50Q 
75 
80 
dB 


kSVR 
Supply-voltage 
rejection ratio 
VOO± = ±2.2 V to ±8 V, 
VIC=O, 
No load 
80 
95 
dB 
(tNOO+ltNIO) 


100 
Supply current 
VO=O, 
No load 
2.4 
3 
mA 
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TLC2274Y 
PARAMETER 
TEST CONDITIONS 
MAX 
UNIT 
MIN 
TYP 


VIO 
Input offset voltage 
300 
2500 
JlV 


110 
Input offset current 
VIC=O, 
VOO± = ±2.5 V, 
0.5 
100 
pA 
VO=O, 
RS=500 
liB 
Input bias current 
1 
100 
pA 


0 
-0.3 


VICR 
Common-mode 
input voltage range 
RS=500 
to 
to 
V 
4 
4.2 


IV101~5mV 
4.99 


VOH 
High-level output voltage 
10H =-20JlA 
4.85 
4.93 
V 


10H = -200 
JlA 
4.25 
4.65 


IOL=-1 
mA 
0.01 


VOL 
Low-level output voltage 
VIC=2.5V, 
10L = 50 JlA 
0.09 
0.15 
V 


VIC=2.5 
V, 
10L = 500 JlA 
0.9 
1.5 


VIC =2.5 V, 
IRL=10knt 
15 
35 
AVO 
Large-signal differential voltage amplification 
IOL=5 
mA 
[RL= 
1 Mot 
V/mV 
175 


qd 
Differential input resistance 
VO=1 
Vt04V 
1012 
0 


q 
Common-mode 
input resistance 
1012 
0 


ci 
Common-mode 
input capacitance 
f= 
10kHz 
8 
pF 


Zo 
Closed-loop 
output impedance 
f= 1 MHz, 
AV= 10 
140 
0 


CMRR 
Common-mode 
rejection ratio 
VIC=Ot02.7V, 
VO=2.5V, 
70 
75 
dB 
RS =500 


kSVR 
Supply-voltage 
rejection ratio (6VOO/6V,O) 
VOO=4.4Vt016V, 
VIC=VOO/2, 
80 
95 
dB 
No load 


100 
Supply current 
VO=2.5V, 
No load 
4.4 
6 
mA 
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TLC2274Y 
PARAMETER 
TEST CONDITIONS 
MIN 
TYP 
MAX 
UNIT 


VIO 
Input offset voltage 
300 
2500 
~V 


110 
Input offset current 
VIC=O, 
VO=O, 
0.5 
100 
pA 
RS =50 Q 
liB 
Input bias current 
1 
100 
pA 


-5 
-5.3 


VICR 
Common-mode 
input voltage range 
RS=50Q, 
IVIOI" 
5mV 
to 
to 
V 
4 
4.2 


10=-20~ 
4.99 


VOM+ 
Maximum positive peak output voltage 
10=-200~ 
4.85 
4.93 
V 


10=-1 
mA 
4.25 
4.65 


VIC=O, 
IOL=50~ 
-4.99 


VOM- 
Maximum negative peak output voltage 
VIC=O, 
IOL=500~ 
-4.85 
-4.91 
V 


VIC=O, 
IOL=5 
mA 
-3.5 
-4.1 
I RL= 
10 kQ 
25 
50 
AVO 
Large-signal 
differential voltage amplification 
VO=±4 
V 
I RL= 
1 MQ 
V/mV 
300 


qd 
Differential input resistance 
1012 
Q 


q 
Common-mode 
input resistance 
1012 
Q 


ci 
Common-mode 
input capacitance 
f = 10 kHz 
8 
pF 


zo 
Closed-loop 
output impedance 
'- 
f= 1 MHz, 
AV= 
10 
130 
Q 


CMRR 
Common-mode 
rejection ratio 
VIC = -5 
V to 2.7 V, 
VO=O, 
75 
80 
dB 
RS=50Q 


kSVR 
Supply-voltage 
rejection ratio (tNDD±/II.VIO) 
VDD± = ±2.2 V to ±8 V, 
VIC=O 
80 
95 
dB 


100 
Supply current 
VO=O, 
No load 
4.8 
6 
mA 
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FIGURE 


VIO 
Input offset voltage 
Distribution 
1-4 
vs Common-mode 
voltage 
5,6 


CIVIO 
Input offset voltage temperature 
coefficient 
Distribution 
7-10 


IIBIIIO 
Input bias and input offset current 
vs Free-air temperature 
11 


VI 
Input voltage range 
vs Supply voltage 
12 
vs Free-air temperature 
13 


VOH 
High-level output voltage 
vs High-level output current 
14 


VOL 
Low-level output voltage 
vs Low-level output current 
15,16 


VOM+ 
Maximum positive peak output voltage 
vs Output cu rrent 
17 


VOM- 
Maximum negative peak output voltage 
vs Output current 
18 


VO(PP) 
Maximum peak-to-peak 
output voltage 
vs Frequency 
19 


10S 
Short-circuit 
output current 
vs Supply voltage 
20 
vs Free-air temperature 
21 


Vo 
Output voltage 
vs Differential Input voltage 
22,23 


vs Load resistance 
24 
AVO 
Large-signal 
differential voltage amplification 
vs Frequency 
25,26 
vs Free-air temperature 
27,28 


Zo 
Output impedance 
vs Frequency 
29,30 


CMRR 
Common-mode 
rejection ratio 
vs Frequency 
31 
vs Free-air temperature 
32 


kSVR 
Supply-voltage 
rejection ratio 
vs Frequency 
33,34 
vs Free-air temperature 
35 


100 
Supply current 
vs Supply voltage 
36,37 
vs Free-air temperature 
38,39 


SR 
Slew rate 
vs Load capacitance 
40 
vs Free-air temperature 
41 


Inverting large-signal pulse response 
vs Time 
42,43 


Voltage-follower 
large-signal pulse response 
vs Time 
44,45 
Vo 
Inverting small-signal 
pulse response 
vs Time 
46,47 


Voltage-follower 
small-signal 
pulse response 
vs Time 
48,49 


Vn 
Equivalent input noise voltage 
vs Frequency 
50,51 


Noise voltage (referred to input) 
Over a 10-second period 
52 


Integrated noise voltage 
vs Frequency 
53 


THO + N 
Total harmonic distortion plus noise 
vs Frequency 
54 


Gain-bandwidth 
product 
vs Supply voltage 
55 
vs Free-air temperature 
56 


'l>m 
Phase margin 
vs Load capacitance 
57 
vs Frequency 
25,26 


Gain margin 
vs Load capacitance 
58 


~TEXAS 
INSTRUMENTS 


TLC227x,TLC227xA,TLC227xY 
Advanced LinCMOSTM RAIL-TO-RAIL 
OPERATIONAL AMPLIFIERS 
SLOS190 
- FEBRUARY 
1997 


DISTRIBUTION OF TLC2272 
INPUT OFFSET VOLTAGE 


20 


-J!. 
15 
I~ 
~ 
Q. 
E 
c( 
10 
'0 


Ql 
Cl 
~ 
Ql 
!! 
Ql 
5 
D. 


891 Amplifiers From 
2 Wafer Lots 


1 


Voo =±2.5V 


TA=25°C 


.•.. 


~.r-- 
~ - 
o 
-1.6 
-1.2 
-0.8 
-0.4 
0 
0.4 
0.8 
1.2 
1.6 


VIO - Input Offset Voltage - mV 


Figure 1 
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Figure 2 
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vs 
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INPUT OFFSET VOLTAGE 
vs 
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VOLTAGE 
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VOO =±5V 
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VIC - Common-Mode 
Voltage - V 
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VIC - Common-Mode 
Voltage - V 
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VOLTAGE TEMPERATURE 
COEFFICIENn 


128 Amplifiers 
From 
2 Wafer Lots 
Voo 
=±5 
V 
20 - P Package 
25°C to 125°C 


DISTRIBUTION OF TLC2272 INPUT OFFSET 
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COEFFICIENn 
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P Package 
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DISTRIBUTION OF TLC2274 INPUT OFFSET 
VOLTAGE TEMPERATURE COEFFICIENn 


128 Amplifiers 
From 
2 Wafer Lots 
Voo 
=±2.5V 
N Package 
TA = 25°C to 125°C 
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DISTRIBUTION OF TLC2274 INPUT OFFSET 
VOLTAGE TEMPERATURE 
COEFFICIENn 


128 Amplifiers 
From 
2 Wafer Lots 
VOO = ±2.5 V 
N Package 
TA = 25°C to 125°C 


INPUT BIAS AND OFFSET CURRENn 
vs 
FREE-AIR TEMPERATURE 


INPUT VOLTAGE RANGE 
vs 
SUPPLY VOLTAGE 
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10 
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RS=50Q 
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Voltage - V 
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25 
:; 
~ 
20 


'tl 
C 
IV 
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iii 


t Data at high and low temperatures 
are applicable only within the rated operating free-air temperature 
ranges of the various devices. 
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Figure 13 
Figure 14 
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INPUT 
VOLTAGE 
RANGEt 
vs 
FREE·AIR 
TEMPERATURE 
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vs 
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t Data at high and low temperatures 
are applicable only within the rated operating free-air temperature 
ranges of the various devices. 
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MAXIMUM POSITIVE PEAK OUTPUT VOLTAGEt 
vs 
OUTPUT CURRENT 


MAXIMUM NEGATIVE PEAK OUTPUT VOLTAGEt 
vs 
OUTPUT CURRENT 


VOO=±5V 
VIC=O 


MAXIMUM PEAK-TO-PEAK 
OUTPUT VOLTAGE 
vs 
FREQUENCY 
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SHORT-CIRCUIT OUTPUT CURRENT 
vs 
SUPPLY VOLTAGE 
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f - Frequency 
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Figure 19 
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IVOO±I - Supply 
Voltage 
- V 
Figure 20 


t Data at high and low temperatures 
are applicable only within the rated operating free-air temperature 
ranges of the various devices. 
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SHORT-CIRCUIT OUTPUT CURRENTt 
vs 
FREE-AIR TEMPERATURE 
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LARGE-SIGNAL 
DIFFERENTIAL 
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vs 
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t Data at high and low temperatures 
are applicable only within the rated operating free-air temperature 
ranges of the various devices. 
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LARGE·SIGNAL 
DIFFERENTIAL 
VOLTAGE 
AMPLIFICATION 
AND PHASE MARGIN 
vs 
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Figure 25 
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LARGE-SIGNAL 
DIFFERENTIAL 
VOLTAGE AMPLIFICATIONt 
vs 
FREE-AIR TEMPERATURE 
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t Data at high and low temperatures 
are applicable only within the rated operating free-air temperature 
ranges of the various devices. 
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Figure 31 
Figure 32 
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Figure 33 
Figure 34 
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Figure 35 
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t Data at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices. 
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t Data at high and low temperatures 
are applicable only within the rated operating free-air temperature 
ranges of the various devices. 
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t Data at high and low temperatures 
are applicable oniy within the rated operating free-air temperature 
ranges of the various devices. 
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Macromodel information provided was derived using Microsim Parts™, the model generation software used 
with Microsim PSpice™. The Boyle macromodel (see Note 5) and subcircuit in Figure 59 were generated using 
the TLC227x typical electrical and operating characteristics at TA = 25°C. Using this information, output 
simulations of the following key parameters can be generated to a tolerance of 20% (in most cases): 


• 
Maximum positive output voltage swing 
• 
Maximum negative output voltage swing 


• 
Slew rate 
• 
Quiescent power dissipation 
• 
Input bias current 
• 
Open-loop voltage amplification 


• 
Unity gain frequency 
• 
Common-mode rejection ratio 


• 
Phase margin 
• 
DC output resistance 
• 
AC output resistance 
• 
Short-circuit output current limit 


NOTE 5: G. R. Boyle, B. M. Cohn, D. O. Pederson, and J. E. Solomon, "Macromodeling 
of Intergrated Circuit Operational Amplifiers", IEEE Journal 
of Solid-State 
Circuits, SC-9, 353 (1974). 
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1E6 -1E6 
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4DC .78 
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8DC 0 
VLP 
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.MODEL OX 0 (IS=800.0E-18) 
.MODEL JX PJF (IS=1.500E-12BETA=1.316E-3 
+VTO~.270) 
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112.653E3 
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550 
9950 
44.310E3 
99925.9E3 
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ODCO 


Macromodels, 
simulation 
model., 
or other 
models 
proYIded 
by T1, 


directly 
or Indirectly, 
are not warranted 
by Tla8 
tully representing 
all 
of 
the 
specification 
and 
operating 
characteristics 
of 
the 
aemlconductor 
product 
to which 
the model 
relates. 
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• 
Extremely Low Offset Voltage ... 
1 IlV Max 


• 
Extremely Low Change on Offset Voltage 
With Temperature ... 
0.0031lVloC Typ 


• 
Low Input Offset Current 
500 pA Max at TA = - 55°C to 125°C 


• 
Avo ... 
135 dB Min 
• 
CMRR and kSVR'" 
120 dB Min 
• 
Single-Supply 
Operation 
• 
Common-Mode 
Input Voltage Range 
Includes the Negative Rail 


• 
No Noise Degradation With External 
Capacitors 
Connected to Voo- 
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INT/EXT 
CLKIN 
CLKOUT 


Voo+ 
OUT 
CLAMP 
C RETURN 


description 


The TLC2652 and TLC2652A are high-precision 
chopper-stabilized 
operational amplifiers using 
Texas 
Instruments 
Advanced 
LinCMOSTM 


process. This process in conjunction with unique 
chopper-stabilization 
circuitry 
produces 


operational 
amplifiers 
whose 
performance 
matches 
or exceeds 
that of similar 
devices 
available today. 


Chopper-stabilization techniques make possible 
extremely 
high dc precision 
by continuously 
nulling input offset voltage even during variation in 
temperature, time, common-mode voltage, and 
power supply voltage. In addition, low-frequency 
noise voltage is significantly reduced. This high 
precision, coupled with the extremely high input 
impedance of the CMOS input stage, makes the 


FKPACKAGE 
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4 
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5 
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CLKOUT 
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NC 
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> 
:):5 
t!iu 
a:u 
NC - No internal connection 


PACKAGED 
DEVICES 


8 PIN 
14 PIN 
20 PIN 
CHIP 


TA 
VIOmax 
FORM 
AT 25'C 
SMALL 
CERAMIC 
PLASTIC 
SMALL 
CERAMIC 
PLASTIC 
CHIP 
OUTLINE 
DIP 
DIP 
OUTLINE 
DIP 
DIP 
CARRIER 
(Y) 


(0008) 
(JG) 
(P) 
(0014) 
(J) 
(N) 
(FK) 


O'C 
1 ~V 
TLC2652AC-8D 
TLC2652ACP 
TLC2652AC-14D 
TLC2652ACN 
to 
- 
- 
- 
TLC2652Y 
70'C 
3~V 
TLC2652C-8D 
- 
TLC2652CP 
TLC2652C 
-14D 
- 
TLC2652CN 
- 


-40'C 


1 ~V 
TLC2652AI-8D 
TLC2652AIP 
TLC2652AI-14D 
TLC2652AIN 
to 
- 
- 
- 
3~V 
TLC2652A-8D 
- 
TLC26521P 
TLC26521-14D 
- 
TLC26521N 
- 
- 
85'C 


-55'C 


1 ~V 
TLC2652AM-8D 
TLC2652AMJG 
TLC2652AMP 
TLC2652AM-14D 
TLC2652AMJ 
TLC2652AMN 
TLC2652AMFK 
to 
3~V 
TLC2652M-8D 
TLC2652MJG 
TLC2652MP 
TLC2652M-14D 
TLC2652MJ 
TLC2652MN 
TLC2652MFK 
- 
125'C 


PRODUCTION 
DATA 
information 
II current 
as 
of 
publication 
date. 


Prodocts 
conform 
to specjflCltlons 
per the lenns 
of Texas Instruments 
standard 
warranty. 
Production 
processing 
does not necessarily 
Inelude 


testing 
of all parameters. 
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description (continued) 


TLC2652 
and TLC2652A 
an ideal choice 
for low-level 
signal 
processing 
applications 
such as strain 
gauges, 
thermocouples, 
and other transducer 
amplifiers. 
For applications 
that require 
extremely 
low noise and higher 


usable 
bandwidth, 
use the TLC2654 
or TLC2654A 
device, 
which 
has a chopping 
frequency 
of 10kHz. 


The TLC2652 
and TLC2652A 
input common-mode 
range includes 
the negative 
rail, thereby 
providing 
superior 
performance 
in either single-supply 
or split-supply 
applications, 
even at power supply voltage 
levels as low as 


±1.9V. 


Two external 
capacitors 
are required 
for operation 
of the device; 
however, 
the on-chip 
chopper 
control 
circuitry 
is transparent 
to the user. On devices 
in the 14-pin and 20-pin packages, 
the control circuitry 
is made accessible 


to allow the user the option of controlling 
the clock frequency 
with an external 
frequency 
source. 
In addition, 
the 
clock threshold 
level of the TLC2652 
and TLC2652A 
require 
no level shifting 
when used in the single-supply 
configuration 
with a normal 
CMOS 
or TTL clock input. 


Innovative 
circuit 
techniques 
are used on the TLC2652 
and TLC2652A 
to allow 
exceptionally 
fast overload 


recovery 
time. 
If desired, 
an output 
clamp 
pin is available 
to reduce 
the recovery 
time even further. 


The device 
inputs and output are designed 
to withstand 
-1 OO-mA surge currents 
without 
sustaining 
latch-up. 
Additionally 
the TLC2652 
and TLC2652A 
incorporate 
internal 
ESD-protection 
circuits 
that prevent 
functional 
failures 
at voltages 
up to 2000 V as tested 
under 
MIL-STD-883C, 
Method 
3015.2; 
however, 
care should 
be 
exercised 
in handling 
these 
devices 
as exposure 
to ESD may result in degradation 
of the device 
parametric 
performance. 


The C-suffix 
devices 
are characterized 
for operation 
from O°C to 70°C. The I-suffix devices 
are characterized 
for operation 
from -40°C 
to 85°C. 
The M-suffix 
devices 
are characterized 
for operation 
over the full military 


temperature 
range of -55°C 
t0125°C. 


DISTRIBUTION OF TLC2652 
INPUT OFFSET VOLTAGE 
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r------- 
II 
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32 
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28 
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24 


.!! 
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'5 
•• 
16 
'"~ 
12 
••l! 
•• 
8 
Q. 


4 


150 U~lts Tested From 1 Waf~r Lot 
VOO±=±5V 


c-J 
TA = 25°C 
N Package 


r 
J 
UI 
.... 
.... 


IN+ 
3 
IN- 
2 


4 
8 


VOO- 
C RETURN 


Pin numbers shown areforthe 
D (14 pin), JG. and N packages. 


-2 
-1 
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TLC2652Y chip information 


This chip, when properly assembled, displays characteristics similar to the TLC2652C. Thermal compression 
or ultrasonic bonding may be used on the doped-aluminum bonding pads. Chips may be mounted with 
conductive epoxy or a gold-silicon preform. 


I'll 
90 
~ 
1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1 


CHIP THICKNESS: 
15 TYPICAL 


BONDING 
PADS: 4 x 4 MINIMUM 


TJmax = 150°C 


TOLERANCES 
ARE ±10%. 


ALL DIMENSIONS 
ARE IN MILS. 


PIN (7) IS INTERNALLY 
CONNECTED 
TO BACKSIDE 
OF CHIP. 


FOFl'HIPINOUlSEB'HIFUNCTIONAIBLOCK 
DIAGRAM. 
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted)* 


Supply voltage VDD+ (see Note 1) 
8 V 
Supply voltage VDD- (see Note 1) 
-8 V 
Differential input voltage, VID (see Note 2) 
± 16 V 
Input voltage, VI (any input, see Note 1) 
±8 V 
Voltage range on ClK IN and INT/EXT 
VDD - to VDD- + 5.2 V 
Input current, II (each input) 
±5 mA 
Output current, 10 .............................................................•...•..... 
±50 mA 
Duration of short-circuit current at (or below) 25°C (see Note 3) 
unlimited 
Current into ClK IN and INT/EXT 
±5 mA 
Continuous total dissipation 
See Dissipation Rating Table 
Operating free-air temperature range, TA: C suffix 
O°Cto 70°C 
I suffix 
-40°C to 85°C 
M suffix 
-55°C to 125°C 
Storage temperature range 
-65°C 
to 150°C 
Case temperature for 60 seconds: FK package 
260°C 
lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: D, N, or P package 
260°C 
lead temperature 1,6 mm (1/16 inch) from case for 60 seconds: J or JG package 
300°C 


t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 


functional operation of the device at these or any other conditions 
beyond those indicated under "recommended 
operating conditions" 
is not 
implied. Exposure to absolute-maximum-rated 
conditions for extended periods may affect device reliability. 


NOTES: 
1. 
All voltage values, except differential voltages, are with respect to the midpoint between VDD+ and VDD-. 
2. 
Differential voltages are at IN+ with respect to IN-. 
3. 
The output may be shorted to either supply. Temperature 
and/or supply voltages must be limited to ensure that the maximum 
dissipation rating is not exceeded. 


PACKAGE 
TA,,25°C 
DERATING FACTOR 
TA = 70°C 
TA = 85°C 
TA = 125°C 
POWER RATING 
ABOVE TA = 25°C 
POWER RATING 
POWER RATING 
POWER RATING 


D008 
725 mV 
5.8 mW/oC 
464mW 
377mW 
145mW 


D014 
950mV 
7.6 mW/oC 
608mW 
494mW 
190mW 


FK 
1375 mV 
11.0 mW/oC 
880mW 
715mW 
275mW 


J 
1375 mV 
11.0 mW/oC 
880mW 
715mW 
275mW 


JG 
1050 mV 
8.4 mW/oC 
672mW 
546mW 
210mW 


N 
1575 mV 
12.6 mW/oC 
1008mW 
819mW 
315mW 


p 
1000 mV 
8.0 mW/oC 
640mW 
520mW 
200mW 


CSUFFIX 
I SUFFIX 
M SUFFIX 
UNIT 
MIN 
MAX 
MIN 
MAX 
MIN 
MAX 


Supply voltage, VDD+ 
±1.9 
±8 
±1.9 
±8 
±1.9 
±8 
V 


Common-mode 
input voltage, VIC 
VDD- 
VDD+-1.9 
VDD- 
VDD+-1.9 
VDD- 
VDD+-1.9 
V 


Clock input voltage 
VDD- 
VDD-+5 
VDD- 
VDD-+5 
VDD- 
VDD-+5 
V 


Operating free-air temperature, 
TA 
0 
70 
-40 
85 
-55 
125 
°C 
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TAt 
TLC2652C 
TLC2652AC 
PARAMETER 
TEST CONDITIONS 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
UNIT 


25°C 
0.6 
3 
0.5 
1 
VIO 
Input offset voltage 
Full range 
4.35 
2.35 
~V 


aVIO 


Temperature coefficient of 
Full range 
0.003 
0.03 
0.003 
0.03 
~V/oC 
input offset voltage 


Input offset voltage long-term 
VIC=O, 
RS = 50 0 
25°C 
0.003 
0.06 
0.003 
0.02 
~V/mo 
drift (see Note 4) 


25°C 
2 
2 
110 
Input offset current 
Full range 
100 
100 


pA 


25°C 
4 
4 
liB 
Input bias current 
Full range 
100 
pA 
100 


Common-mode 
input voltage 
-5 
-5 


VICR 
RS =500 
Full range 
to 
to 
V 
range 
3.1 
3.1 


Maximum positive peak 
25°C 
4.7 
4.8 
4.7 
4.8 
VOM+ 
output voltage swing 
RL= 
10 kO, 
See Note 5 
V 
Full range 
4.7 
4.7 


Maximum negative peak 
25°C 
-4.7 
-4.9 
-4.7 
-4.9 
VOM- 
RL= 
10 kO, 
See Note 5 
V 
output voltage swing 
Full range 
-4.7 
-4.7 


Large-signal differential 
25°C 
120 
150 
135 
150 
AVO 
VO=±4V, 
RL = 10 kO 
dB 
voltage amplification 
Full range 
120 
130 


fch 
Internal chopping frequency 
25°C 
450 
450 
Hz 


25°C 
25 
25 
Clamp on-state current 
RL = 100 kO 


Full range 
25 
~ 
25 


25°C 
100 
100 
Clamp off-state current 
VO= 
-4Vt04V 
Full range 
pA 
100 
100 


Common-mode 
rejection 
VO=O, 
25°C 
120 
140 
120 
140 
CMRR 
ratio 
VIC = VICRmin, 
dB 
RS =500 
Full range 
120 
120 


Supply-voltage 
rejection ratio 
VOO± = ±1.9 V to ±8 V, 
25°C 
120 
135 
120 
135 
kSVR 
(~VOO±/~VIO) 
dB 
VO=O, 
RS =500 
Full range 
120 
120 


25°C 
1.5 
2.4 
1.5 
2.4 
100 
Supply current 
mA 
Full range 
2.5 
2.5 
t Full range is 0° to 70°C. 
NOTES: 
4. 
Typical vaiues are based on the input offset voltage shift observed through 168 hours of operating life test at TA = 150°C extrapolated 
at TA = 25° using the Arrhenius equation and assuming an activation energy of 0.96 eV. 


5. 
Output clamp is not connected. 
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TEST 
TAt 
TLC2652C 
TLC2652AC 
PARAMETER 
CONDITIONS 
UNIT 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


25°C 
2 
2.8 
2 
2.8 
SR+ 
Positive slew rate at unity gain 
VO=±2.3V, 
V/IlS 
Full range 
1.5 
1.5 
Rl=10kn, 


25°C 
2.3 
3.1 
2.3 
3.1 
SR- 
Negative slew rate at unity gain 
Cl=100pF 
V/IlS 
Full range 
1.8 
1.8 


Equivalent input noise voltage 
1= 10 Hz 
25°C 
94 
94 
140 
Vn 
(see Note 6) 
1= 1 kHz 
25°C 
nV/-JHz 
23 
23 
35 


Peak-to-peak 
equivalent input 
1= Oto 1 Hz 
25°C 
0.8 
0.8 
VN(PP) 
noise voltage 
I=Ot010Hz 
25°C 
2.8 
2.8 
IlV 


In 
Equivalent input noise current 
1= 10kHz 
25°C 
0.004 
0.004 
w-JHz 


1=10kHz, 


Gain-bandwidth 
product 
Rl= 
10kn, 
25°C 
1.9 
1.9 
MHz 
Cl = 100 pF 


<!1m 
Phase margin at unity gain 
Rl = 10 kn, 
25°C 
48° 
48° 
Cl=100pF 
t Full range is 0° to 70°C. 
NOTE 6: 
This parameter is tested on a sample basis lor the TlC2652A. 
For other test requirements, 
please contact the lactory. This statement 
has no bearing on testing or nontesting 01other parameters. 
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TAt 


TLC26521 
TLC2652AI 
PARAMETER 
TEST CONDITIONS 
MIN 
UNIT 
MIN 
TYP 
MAX 
TYP 
MAX 


25°C 
0.6 
3 
0.5 
1 
VIO 
Input offset voltage 
Full range 
4.95 
2.95 
~V 


aVIO 
Temperature coefficient of 
Full range 
0.003 
0.03 
0.003 
0.03 
~V/oC 
input offset voltage 


Input offset voltage 
VIC=O, 
RS=50 
Q 
25°C 
0.003 
0.06 
0.003 
0.02 
~V/mo 
long-term drift (see Note 4) 


25°C 
2 
2 
110 
Input offset current 


Full range 
150 
150 
pA 


25°C 
4 
4 


liB 
Input bias current 


Full range 
150 
150 
pA 


Common-mode 
input 
-5 
-5 


VICR 
RS =50 Q 
Full range 
to 
to 
V 
voltage range 
3.1 
3.1 


Maximum positive peak 
25°C 
4.7 
4.8 
4.7 
4.8 
VOM+ 
RL=10kQ, 
See Note 5 
V 
output voltage swing 
Full range 
4.7 
4.7 


Maximum negative peak 
25°C 
-4.7 
-4.9 
-4.7 
-4.9 


VOM- 
RL=10kQ, 
See Note 5 
V 
output voltage swing 
Full range 
-4.7 
-4.7 


Large-signal 
differential 
25°C 
120 
150 
135 
150 


AVO 
voltage amplification 
Vo =±4 
V, 
RL = 10 k.Q 
dB 
Full range 
120 
125 


Internal chopping frequency 
25°C 
450 
450 
Hz 


25°C 
25 
25 


Clamp on-state current 
RL = 100 k.Q 


Full range 
25 
25 
~ 


25°C 
100 
100 


Clamp off-state current 
VO= 
-4Vt04V 


Full range 
100 
100 
pA 


Common-mode 
rejection 
VO=O, 
25°C 
120 
140 
120 
140 


CMRR 
ratio 
VIC = VICRmin, 
dB 
RS=50Q 
Full range 
120 
120 


Supply-voltage 
rejection 
VOO± = ± 1.9 V to ±8 V, 
25°C 
120 
135 
120 
135 


kSVR 
ratio (6VOO±/6VI0) 
dB 
VO=O, 
RS =50Q 
Full range 
120 
120 


25°C 
1.5 
2.4 
1.5 
2.4 


100 
Supply current 
VO=O, 
No load 
mA 
Full range 
2.5 
2.5 


t Full range is - 40° to 85°C. 
NOTES: 
4. 
Typical values are based on the input offset voltage shift observed through 168 hours of operating life test at TA = 150°C ex1rapolated 
at TA = 25° using the Arrhenius equation and assuming an activation energy of 0.96 eV. 


5. 
Output clamp is not connected. 
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TEST 
TAt 


TLC26521 
TLC2652AI 
PARAMETER 
CONDITIONS 
UNIT 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


25°C 
2 
2.8 
2 
2.8 


SR+ 
Positive slew rate at unity gain 
VO=±2.3V, 
V//ls 


Full range 
1.4 
1.4 


RL= 
10kn, 


25°C 
2.3 
3.1 
2.3 
3.1 
SR- 
Negative slew rate at unity gain 
CL = 100 pF 
V//ls 
Full range 
1.7 
1.7 


Equivalent input noise voltage 
1= 10 Hz 
25°C 
94 
94 
140 
nV/VHZ 
Vn 
(see Note 6) 
1= 1 kHz 
25°C 
23 
23 
35 


Peak-to-peak 
equivalent input 
1= 0 to 1 Hz 
25°C 
0.8 
0.8 


VN(PP) 
noise voltage 
f= 0 to 10 Hz 
25°C 
2.8 
2.8 
/lV 


In 
Equivalent input noise current 
1= 
1 kHz 
25°C 
0.004 
0.004 
pAlVHZ 


1= 10 kHz, 


Gain-bandwidth 
product 
RL=10kQ, 
25°C 
1.9 
1.9 
MHz 
CL = 100 pF 


<l>m 
Phase margin at unity gain 
RL= 
10 kQ, 
25°C 
48° 
48° 
CL = 100 pF 
t Full range is -40° 
to 85°C. 


NOTE 6: 
This parameter is tested on a sample basis lor the TLC2652A. 
For other test requirements. 
please contact the lactory. This statement 
has no bearing on testing or nontesting 01other parameters. 
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TAt 


TLC2652M 
TLC2652AM 


PARAMETER 
TEST CONDITIONS 
MAX 
MIN 
UNIT 
MIN 
TYP 
TYP 
MAX 


Input offset voltage 
25°C 
0.6 
3.5 
0.5 
3 
VIO 
(see Note 7) 
Full range 
10 
8 
llV 


aVIO 


Temperature coefficient of 
Full range 
0.003 
0.03* 
0.003 
0.03* 
llV/oC 
input offset voltage 


Input offset voltage 


VIC=O, 
RS = 50Q 
25°C 
0.003 
0.06* 
0.003 
0.02* 
llV/mo 
long-term drift (see Note 4) 


25°C 
2 
2 


110 
Input offset current 
Full range 
500 
500 
pA 


25°C 
4 
4 


liB 
Input bias current 
Full range 
500 
500 
pA 


Common-mode 
input 
-5 
-5 


VICR 
RS = 50Q 
Full range 
to 
to 
V 
voltage range 
3.1 
3.1 


Maximum positive peak 
25°C 
4.7 
4.8 
4.7 
4.8 


VOM+ 
output voltage swing 
RL = 10 kQ, 
See Note 5 
V 


Full range 
4.7 
4.7 


Maximum negative peak 
25°C 
-4.7 
-4.9 
-4.7 
-4.9 
VOM- 
output voltage swing 
RL = 10 kQ, 
See Note 5 
V 
Full range 
-4.7 
-4.7 


Large-signal 
differential 
25°C 
120 
150 
135 
150 


AVD 
VO=±4V, 
RL = 10 kQ 
dB 
voltage amplification 
Full range 
120 
120 


fch 
Internal chopping frequency 
25°C 
450 
450 
Hz 


25°C 
25 
25 
Clamp on-state current 
RL = 100 kQ 
Full range 
25 
25 
llA 


25°C 
100 
100 
Clamp off-state current 
VO= 
-4Vt04V 
Full range 
500 
500 
pA 


Common-mode 
rejection 
VO=O, 
25°C 
120 
140 
120 
140 
CMRR 
ratio 
VIC = VICRmin, 
dB 


RS =50Q 
Full range 
120 
120 


Supply-voltage 
rejection 
VDD±=±1.9Vto±8V, 
25°C 
120 
135 
120 
135 
kSVR 
dB 
ratio (~VDD±/~VIO) 
VO=O, 
RS =50Q 
Full range 
120 
120 


25°C 
1.5 
2.4 
1.5 
2.4 
IDD 
Supply current 
VO=O, 
No load 
mA 


Full range 
2.5 
2.5 


* On products complaint to MIL-STD-883, 
Class B, this parameter is not production tested. 
t Full range is -55° 
to 125°C 
NOTES: 
4. 
Typical values are based on the input offset voltage shift observed through 168 hours of operating life test afT A = 150°C extrapolated 
at TA = 25° using the Arrhenius equation and assuming an activation energy of 0.96 eV. 


5. 
Output clamp is not connected. 


7. 
This parameter is not production tested. Thermocouple 
effects preclude measurement 
of the actual VIO of these devices in high 


speed automated testing. VIO is measured to a limit determined by the test equipment capability at the temperature 
extremes. The 


test ensures that the stabilization 
circuitry is performing properly. 
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TlC2652M 


PARAMETER 
TEST CONDITIONS 
TAt 
TlC2652AM 
UNIT 
MIN 
TYP 
MAX 


25°C 
2 
2.8 
SR+ 
Positive slew rate at unity gain 
Vo =±2.3V, 
V/JJS 
Full range 
1.3 
Rl = 10 kQ, 


25°C 
2.3 
3.1 
SR- 
Negative slew rate at unity gain 
Cl = 100 pF 
V/Jls 
Full range 
1.6 


f= 10 Hz 
25°C 
94 
Vn 
Equivalent input noise voltage 
f= 
1 kHz 
25°C 
nV/VHZ 
23 


f = 0 to 1 Hz 
25°C 
0.8 
VN(PP) 
Peak-to-peak 
equivalent input noise voltage 
f=Ot010Hz 
25°C 
2.8 
JlV 


In 
Equivalent input noise current 
f = 1 kHz 
25°C 
0.004 
pAlVHZ 


f = 10 kHz, 


Gain-bandwidth 
product 
Rl = 10 kn, 
25°C 
1.9 
MHz 
CL = 100 pF 


<Pm 
Phase margin at unity gain 
RL= 
10 kn, 
25°C 
48° 
CL = 100 pF 
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TLC2652Y 
PARAMETER 
TEST CONDITIONS 
MAX 
UNIT 
MIN 
TYP 


VIO 
Input offset voltage 
0.6 
3 
~V 


Input offset voltage long-term drift (see Note 4) 
0.003 
0.006 
~V/mo 


110 
Input offset current 
VIC=O, 
RS = 50 Q 
2 
pA 


liB 
Input bias current 
4 
pA 


-5 


VICR 
Common-mode 
input voltage range 
RS = 50 Q 
to 
V 
3.1 


VOM+ 
Maximum positive peak output voltage swing 
RL=10kQ, 
See Note 5 
4.7 
4.8 
V 


VOM- 
Maximum negative peak output voltage swing 
RL=10kQ, 
See Note 5 
-4.7 
-4.9 
V 


AVO 
Large-signal differential voltage amplilication 
Vo =±4 
V, 
RL= 
10 kQ 
120 
150 
dB 


Ich 
Internal chopping Irequency 
450 
Hz 


Clamp on-state current 
RL = 100 kQ 
25 
~A 


Clamp off-state current 
VO= 
-4Vt04V 
100 
pA 


CMRR 
Common-mode 
rejection ratio 
VO=O, 
VIC = VICRmin, 
120 
140 
dB 
RS = 50Q 


kSVR 
Supply-voltage 
rejection ratio (II.VOO±/II.VIO) 


VOO± = ±1.9 V to ±8 V, 


120 
135 
dB 
RS=50Q 
VO=O, 


100 
Supply current 
VO=O, 
No load 
1.5 
2.4 
mA 


NOTES: 
4. 
Typical values are based on the input offset voltage shift observed through 168 hours 01operating lile test at TA = 150°C extrapolated 
at TA = 25° using the Arrhenius equation and assuming an activation energy 010.96 eV. 


5. 
Output clamp is not connected. 


TLC2652Y 
PARAMETER 
TEST CONDITIONS 
UNIT 
MIN 
TYP 
MAX 


SR+ 
Positive slew rate at unity gain 
VO=±2.3 
V, 
RL = 10 kQ, 
2 
2.8 
V/~s 


SR- 
Negative slew rate at unity gain 
CL = 100 pF 
2.3 
3.1 
V/~s 


1= 10 Hz 
94 


Vn 
Equivalent input noise voltage 
1= 1 kHz 
nV/-fHz 
23 


I=Oto 
1 Hz 
0.8 
VN(PP) 
Peak-to-peak 
equivalent input noise voltage 
1= 0 to 10 Hz 
2.8 
~V 


In 
Equivalent input noise current 
1= 1 kHz 
pA/-fHz 


Gain-bandwidth 
product 
1= 10 kHz, 
RL = 10 kQ, 
1.9 
MHz 
CL = 100 pF 


"'m 
Phase margin at unity gain 
RL=10kQ, 
CL=100pF 
48° 
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FIGURE 


VIO 
Normalized input offset voltage 
vs Chopping frequency 
1 


vs Common-mode 
input voltage 
2 


liB 
Input bias current 
vs Chopping frequency 
3 
vs Free-air temperature 
4 


110 
Input offset current 
vs Chopping frequency 
5 
vs Free-air temperature 
6 


Clamp current 
vs Output voltage 
7 


VIOPPI 
Maximum peak-to-peak 
output voltage 
vs Frequency 
8 


YOM 
Maximum peak output voltage 
vs Output current 
9,10 
vs Free-air temperature 
11,12 


AVO 
Large-signal 
differential voltage amplification 
vs Frequency 
13 
vs Free-air temperature 
14 


Chopping frequency 
vs Supply voltage 
15 
vs Free-air temperature 
16 


100 
Supply current 
vs Supply voltage 
17 
vs Free-air temperature 
18 


10S 
Short-circuit output current 
vs Supply voltage 
19 
vs Free-air temperature 
20 


SR 
Slew rate 
vs Supply voltage 
21 
vs Free-air temperature 
22 


Pulse response 
Small-signal 
23 
Large-signal 
24 


VN(PPI 
Peak-to-peak 
equivalent input noise voltage 
vs Chopping frequency 
25,26 


Vn 
Equivalent input noise voltage 
vs Frequency 
27 


Gain-bandwidth 
product 
vs Supply voltage 
28 
vs Free-air temperature 
29 


vs Supply voltage 
30 
q,m 
Phase margin 
vs Free-air temperature 
31 
vs Load capacitance 
32 


Phase shift 
vs Frequency 
13 


~TEXAS 
INSTRUMENTS 


70 


60 
> 
::1. 
I 
50 
Gi 
••:=0 
40 
'5 
Co 
.5 
30 
'tl 
Gl 
.!:! 
iii 
20 
E0 
Z 
I 
10 
0'> 
0 


70 


60 
1 
50 
I;: 
~ 
40 
'"U 
•• 
III 
iii 
30 
'5 
Co 
.5 
I 
20 
~ 


10 


TLC2652, TLC2652A,TLC2652Y 
Advanced LinCMOSTM PRECISION CHOPPER-STABILIZED 
OPERATIONAL AMPLIFIERS 
SLOS019B 
- SEPTEMBER 
1988 - REVISED 
AUGUST 
1994 


NORMALIZED 
INPUT OFFSET VOLTAGE 
vs 
CHOPPING FREQUENCY 


I 
I 
I II 
VOO±=±5 
V 
VIC=O 
TA = 25°C 


7 


/ 


1 k 
10k 
Chopping 
Frequency 
- Hz 


INPUT BIAS CURRENT 
vs 
COMMON-MODE 
INPUT VOLTAGE 


25 


c( 
20 
Co 
I;: 
~ 
15 
'"U 
•• 
III 
iii 
'5 
10 
Co 
.5 
I 
~ 
5 


VOO±=±5 
V 
TA = 25°C 


- 


INPUT BIAS CURRENT 
vs 
CHOPPING FREQUENCY 


I 
I 


VOO±=±5V 
VIC=O 
TA = 25°C 


J 
7 
il 


io"" 
/ 
r- 


o 
-5 
-4 
-3 
-2 
-1 
0 
1 
2 
3 
4 
5 


VIC - Common-Mode 
Input Voltage - V 


INPUT BIAS CURRENT 
vs 
FREE-AIR TEMPERATURE 
100 


c( 
Co 
I;: 
~ 
'"u 
•• 
10 
III 
iii 
'5 
Co 
.5 


I~ 


= 
VOO±-+5V 
= Vo-O 
7I 
- 
VIC=O 
I/ 
V 
/ 


I 
~ 
.......•• 
I 
..•........ 
/ 


~TEXAS 
INSTRUMENTS 


TLC2652, TLC2652A, TLC2652Y 
Advanced LinCMOSTM PRECISION CHOPPER-STABILIZED 
OPERATIONAL AMPLIFIERS 
SLOS019B 
- SEPTEMBER 
1988 - REVISED 
AUGUST 
1994 


INPUT 
OFFSET 
CURRENT 
vs 
CHOPPING 
FREQUENCY 


25 


« 
20 
Q. 
I 
E 
~ 
15 
::J 
() 
Gi 
III5:; 
10 
Q. 
oE 
I 
Q 
5 


, 
'" 


VOO±=±5V 
VIC=O 
/ 
TA = 25°C 
I 


I--1--"11 
,.... 


1 k 
10 k 
Chopping 
Frequency 
- Hz 


Figure 5 


CLAMP 
CURRENT 
vs 
OUTPUT 
VOLTAGE 


1OO11A 


VOO±=±5V 


1011A 
TA = 25°C 


1!1A 
Positive 
Clamp Current 
E 100nA 
~5 
() 
10 nA 
Q. 
E 
co 
Q 
1 nA 


100 pA 


10pA 


1 pA 
4 
4.2 
4.4 
4.6 
4.8 
5 


1VOI- Output 
Voltage - V 


Figure 7 


~ 
10 
g, 
~~:; 
Q.:;o 
"'"co 
~,) 
Z 
~ 
E 
::J 
E 
'Mco 
::E 
I 
CL 
a.. 


~ 
0 
100 


INPUT 
OFFSET 
CURRENT 
vs 


FREE-AIR 
TEMPERATURE 


VOO±=±5V 
VIC=O 


45 
65 
85 
105 


TA - Free-Air 
Temperature 
- °C 


MAXIMUM 
PEAK-TO-PEAK 
OUTPUT 


VOLTAGE 
vs 


FREQUENCY 


VOO±=±5 
V 
RL = 10 kQ 


1 k 
10 k 


f - Frequency 
- Hz 


~TEXAS 
INSTRUMENTS 


TLC2652,TLC2652A,TLC2652Y 
Advanced LinCMOSTM PRECISION CHOPPER·STABILIZED 
OPERATIONAL AMPLIFIERS 
SLOS019B 
- SEPTEMBER 
1988 - REVISED 
AUGUST 
1994 


MAXIMUM PEAK OUTPUT VOLTAGE 
vs 
OUTPUT CURRENT 


5 
> 
VOO±=±5V 
> 
I 
TA = 25°C 
I 
., 
., 
'" 
4.8 
'" 
.l!l 
~ 
;g 
~ 
:; 
:; 
Q. 
Q. 
:; 
4.6 
:; 
0 
0 
... 
... 
•• 
•• 
7.1 
Gl 
., 
a. 
a. 


E 
4.4 
E 
::> 
::> 
E 
E 
.;; 
.;; 
•• 
•• 
:;; 
:;; 
I 
4.2 
I 
:. 
:. 
~ 
~ 


4 
6.7 
0 
0.4 
0.8 
1.2 
1.6 
2 
0 


1101 - Output Current- 
mA 


Figure 9 


MAXIMUM PEAK OUTPUT VOLTAGE 
vs 
FREE-AIR TEMPERATURE 


5 


> 
I., 
'" 
.l!l 
2.5 
;g 
:; 
Q.:; 
0... 
0 
••., 
a. 
E 
::> 
E.;; 
-2.5 
•• 
:;; 
I 
:;;-? 


VOO±=±5 
V 
RL=10kQ 
t---- 


-5 


-75 
-50 
-25 


MAXIMUM PEAK OUTPUT VOLTAGE 
vs 
OUTPUT CURRENT 


0.4 
0.8 
1.2 
1.6 
2 


1101 - Output Current - mA 


MAXIMUM PEAK OUTPUT VOLTAGE 
vs 
FREE-AIR TEMPERATURE 
8 


> 
I., 
'" 
.l!l 
4 
;g 
:; 
Q.:; 
0... 
0 
••., 
a. 
E 
::> 
E';; 
•• 
-4 
:;; 
I 
:;;-? 


-8 


VOO±=±7.5V 
RL=10kQ 
- 


-75 
-50 
-25 
0 
25 
50 
75 
100 
125 


TA - Free-Air Temperature - °C 


~TEXAS 
INSTRUMENTS 


TLC2652, TLC2652A,TLC2652Y 
Advanced LinCMOSTM PRECISION CHOPPER-STABILIZED 
OPERATIONAL AMPLIFIERS 
SLOS019B 
- SEPTEMBER 
1988 - REVISED 
AUGUST 
1994 


0;;10 
c:: 
't:I 
150 


~ 
1 
~ g 
c •. 
~~ 
.!!' =a 145 
~~~., 
III 
Cl 
•••• 
III 
1= 
c~ 
~ 
140 


LARGE-SIGNAL DIFFERENTIAL VOLTAGE 
AMPLIFICATION AND PHASE SHIFT 
vs 
FREQUENCY 


VOO±=±5 v 
RL=10kQ 
CL=100pF 
TA = 25°C 


100 
1 k 
-40 
10 


Figure 13 


LARGE-SIGNAL DIFFERENTIAL VOLTAGE 
AMPLIFICATION 
vs 
FREE·AIR TEMPERATURE 


VOO±=±7.5V 
RL=10kQ 
VO=±4 
V 


135 
-75 
-50 
-25 
0 


~TEXAS 
INSTRUMENTS 


TLC2652, TLC2652A,TLC2652Y 
Advanced LinCMOSTM PRECISION CHOPPER·STABILIZED 
OPERATIONAL AMPLIFIERS 


SLOS019B 
- SEPTEMBER 
1988 - REVISED 
AUGUST 
1994 


540 


520 


N 
:I: 
..., 
I 
500 
>- 
uc: 
III::lc:r 
480 
fu. 
'"c: 
'5. 
460 
D- 
o.t:0 


440 


CHOPPING FREQUENCY 
vs 
SUPPLY VOLTAGE 


I 


TA = 25°C 
\ 
\ 
\\ 
""" 
'-......V 


2 
3 
4 
5 
6 
7 


IVoo±1 - Supply 
Voltage - V 


Figure 15 


CHOPPING FREQUENCY 
vs 
FREE-AIR TEMPERATURE 


460 
VOO±=±5V 


450 


N 
:I: 
..., 
I 
440 
>-uc: 
III 
::l 
~ 
430 
u. 
'"c: 
'5. 
420 
D- 
o.t:0 


410 


400 


-75 
-50 
-25 
0 
25 
50 
75 
100 
125 


TA - Free-Air 
Temperature 
- °C 


Figure 16 


SUPPLY CURRENT 
vs 
FREE-AIR TEMPERATURE 
2 


VOO±=±7.5 
V 


1.6 


c( 
E 
I 
E 
1.2 
~ 
::l0,.. 
ii 
D- 
0.8 
::l 
III 
I 
CE 
0.4 


Vo=O 
No Load 


0 
-75 
-50 
-25 
0 
25 
50 
75 
100 
125 


TA - Free-Air 
Temperature 
- °C 


Figure 18 


SUPPLY CURRENT 
vs 
SUPPLY VOLTAGE 


2 
3 
4 
5 
6 
7 


IVoo ±I - Supply 
Voltage - V 


Figure 17 


~TEXAS 
INSTRUMENTS 


TLC2652, TLC2652A, TLC2652Y 
Advanced LinCMOSTM PRECISION CHOPPER·STABILIZED 
OPERATIONAL AMPLIFIERS 
SLOS019B 
- SEPTEMBER 
1988 - REVISED 
AUGUST 
1994 


SHORT-CIRCUIT 
OUTPUT 
CURRENT 
vs 


SUPPLY 
VOLTAGE 


Vo=O 
TA = 25°C 
- 
VID=-100mV 


i"- t-- 
VID= 100 mV 


I 
I 


12 


0:( 
E 
8 
I 
'E 
~ 
::l 
4 
U 
'5 
Co 
'50 
0 


"S 
l::! 
U 
-4 
i: 
0 
.r:. 
Ul 
I 
-8 
Ul 
E 


2 
3 
4 
5 
6 
7 


1VOO±1- Supply Voltage - V 


Figure 19 


SLEW 
RATE 
vs 
SUPPLY 
VOLTAGE 
f'-- 
I 
SR- 
....•...•.. ~ 


I 
- 
I 
- 
./' +-- 
-, 
SR+ 


RL= 10 kn 
CL=100pF 
TA = 25°C 


2 
345 
6 
7 


1VOO±1- Supply Voltage - V 


Figure 21 


SHORT-CIRCUIT 
OUTPUT 
CURRENT 
vs 
FREE-AIR 
TEMPERATURE 


VOO±=±5V 
VO=O 


VID=-100mV 


VIO= 100mV 
f.-- 
---- 
~ 
~ 
-- 


:t=::l 
l::! 
U 
-5 
i:o 
.r:. 
Ul 
in -10 
o 


-15 
-75 
-50 
-25 
0 
25 
50 
75 
100 
125 


TA - Free-Air Temperature - °C 


SLEW 
RATE 
vs 
FREE-AIR 
TEMPERATURE 


I 
VOO±=±5 
V 
RL=10kn 
SR- 
CL=100pF 
-r-- r-- 
r-- --t' 
SR+ 
r-- 
•...••.. 


-... ---..:: 


III 
~, 
~a: 
2 
~ 
iii 
I 
a: 
Ul 


o 
-75 
-50 
-25 
0 
25 
50 
75 
100 
125 


TA - Free-Air Temperature - °C 


Figure 22 


~TEXAS 
INSTRUMENTS 


100 


75 


> 
50 
E 
I 


'" 
25 
'"~ 
~ 
0 
'S 
Co 
'S 
-25 
0 
I 
~ 
-50 


-75 


-100 


1.8 
> 
:i. 


I 
1.6 
'"'" 
.l!l 
1.4 
;g 


'"en 
1.2 
·0z 
'S 
Co 
.E... 
0.8 
•• 
'" 
Q. 


~ 
0.6 
•• 
'" 
Q. 
0.4 
I 
D:" 
0.2 
Q. 
Z 
> 


TLC2652,TLC2652A, 
TLC2652. 


Advanced LinCMOSTM PRECISION CHOPPER·STABILIZED 
OPERATIONAL AMPLIFIERS 
SLOS019B 
- SEPTEMBER 
1988 - REVISED 
AUGUST 
1994 


VOLTAGE-FOLLOWER 
SMALL-SIGNAL 
PULSE RESPONSE 


1\ 


Voo±=±5 
V 
RL=10kn 
CL = 100 pF 
TA = 25°C 


V 


o 
2 
3 
4 
567 


t-Time-~s 


Figure 23 


PEAK-TO-PEAK 
INPUT NOISE VOLTAGE 


vs 
CHOPPING FREQUENCY 


I 
VOO±=±5V 
RS =200 
- 
f=OtolHz 
TA = 25°C 
- 


\, 


VOLTAGE-FOLLOWER 
LARGE-SIGNAL 
PULSE RESPONSE 


4 


3 


2 
> 
I 


'"'" 
.l!l 
;g 
0 
'S 
S- 
::>0 
-1 
I 
~ 
-2 


-3 


-4 


VOO±=±5V 
RL=10kn 


A 
CL=100pF 


I'" 
TA = 25°C 


A. 


o 
5 
10 
15 
20 
25 
30 
35 
40 


t-Time-~s 


PEAK-TO-PEAK 
INPUT NOISE VOLTAGE 
vs 
CHOPPING FREQUENCY 


> 
5 
:i. 
I 


'"'" 
.l!l 
4 
;g 


'"en 
·0 
Z 
3 
'S 
Co 
.E... 
•• 
'" 
Q. 
2 
~•• 
'" 
Q. 
I 
D:" 
Q. 
Z 
> 


I 


VOO±=±5 
V 
RS =200 
f=OtolHz 
TA = 25°C 


\ 
"'- 
- 
.•..•..... 


2 
4 
6 
8 


fch - Chopping Frequency - kHz 


~TEXAS 
INSTRUMENTS 


,LC2652, TLC2652A,TLC2652Y 
Advanced 
LinCMOSTM PRECISION CHOPPER·STABILIZED 
OPERATIONAL AMPLIFIERS 
SLOS019B- 
SEPTEMBER 
1988 - REVISED 
AUGUST 
1994 


100 
l! 
:>c 
80 
I 


CIl 
Ol:l;g 


CIl 
60 
'"'0z 
'50. 
.5 
40 
i: 
CIliij 
> 
'S 
20 
cr 
W 
I 
C 
> 


2.6 


2.4 
N 
:I::;; 
I 
U 
2.2 
:> 
't>ea. 
.c 
2 
i5.~ 
'tJc 
1.8 


'"m 
c!: 
'm" 
1.4 


EQUIVALENT INPUT NOISE VOLTAGE 
vs 
FREQUENCY 


1\ 


~ 


1\ 


VOo±=±5 
v 
RS= 200 
TA = 25°C 
, 


GAIN·BANDWIDTH 
PRODUCT 
vs 
SUPPLY VOLTAGE 


2.1 


N:I::;; 
I 
U 
2 
:> 
'tJea. 
.c 
i5 


'~ 
'tJc 
1.9 
'"m 
c!: 
'm" 


RL=10kQ 
CL=100pF 
TA = 25°C 


I/ 


-"/ 
/ V 
/ 


2 
3 
4 
5 
6 
7 


IVCC±I- 
Supply Voltage - V 


Figure 28 


GAIN·BANDWIDTH 
PRODUCT 
vs 
FREE·AIR TEMPERATURE 


I 
I 


VOO±=±5 
V 
, 
RL=10kQ 
""- 
CL = 100 pF 
"'\ 
'\. 


"\ 


i"\. 
" 
'" 
"- 


..••..... 


1.2 
-75 
-50 
-25 
0 
25 
50 
75 
100 
125 


TA - Free-Air Temperature - °C 
Figure 29 


PHASE MARGIN 
vs 
SUPPLY VOLTAGE 


50° 


RL = 10 kQ 
CL = 100 pF 
TA = 25°C 
48° 


c.~ 
46° 


'":;; 


CIl 
'"'".ca. 


44° 
I 
E 
-e- 


42° 


40° 


0 
2 
3 
4 
5 
6 
7 
8 


IVCC±I- 
Supply Voltage - V 


Figure 30 


~TEXAS 
INSTRUMENTS 


50° 


48° 


c.~ 
46° 
•• 
:::;; 
•• 
III•• 
.:: 
Q. 


44° 
I 
E 
.•.. 


42° 


TLC2652,TLC2652A,TLC265~ 
Advanced LinCMOSTM PRECISION CHOPPER-STABILIZED 
OPERATIONAL AMPLIFIERS 
SLOS019B 
- SEPTEMBER 
1988 - REVISED 
AUGUST 
1994 


PHASE MARGIN 
vs 
FREE-AIR TEMPERATURE 
- 


YOO±=±5 
Y 
RL=10kn 
CL=100pF 
40° 


-75 
-50 
-25 
0 
25 
50 
75 
100 
125 


TA - Free-Air Temperature - °C 


c 
40° 
';;, 
:;; 
:::;; 
•• 
30° 
III•• 
.:: 
Q. 
I 
E 
20° 
.•.. 


10° 


0° 


0 


PHASE MARGIN 
vs 
LOAD CAPACITANCE 


YOO±=±5 
Y 
RL=10kn 
TA=25°C 


200 
400 
600 
800 


CL - Load Capacitance - pF 


Figure 32 


~TEXAS 
INSTRUMENTS 


.C2652,TLC2652A,TLC2652Y 
Advanced LinCMOSTM PRECISION CHOPPER-STABILIZED 
OPERATIONAL AMPLIFIERS 
SLOS019B 
- SEPTEMBER 
1988 - REVISED 
AUGUST 
1994 


capacitor 
selection 
and placement 


The two important factors to consider when selecting external capacitors CXA and CXB are leakage and 
dielectric absorption. Both factors can cause system degradation, negating the performance advantages 
realized by using the TlC2652. 


Degradation from capacitor leakage becomes more apparent with the increasing temperatures. low-leakage 
capacitors and standoffs are recommended for operation at TA = 125°C. In addition, guard bands are 
recommended around the capacitor connections on both sides of the printed circuit board to alleviate problems 
caused by surface leakage on circuit boards. 


Capacitors with high dielectric absorption tend to take several seconds to settle upon application of power, which 
directly affects input offset voltage. In applications where fast settling of input offset voltage is needed, it is 
recommended that high-quality film capacitors, such as mylar, polystyrene, or polypropylene, be used. In other 
applications, however, a ceramic or other low-grade capacitor can suffice. 


Unlike many choppers available today, the TlC2652 is designed to function with values of CXAand CXB in the 
range of 0.1 ~F to 1 ~F without degradation to input offset voltage or input noise voltage. These capacitors 
should be located as close as possible to the CXAand CXBpins and returned to either Voo- or C RETURN. On 
many choppers, connecting these capacitors to Voo- causes degradation in noise performance. This problem 
is eliminated on the TlC2652. 


The TlC2652 
has an internal clock that sets the chopping frequency to a nominal value of 450 Hz. On 8-pin 
packages, the chopping frequency can only be controlled by the internal clock; however, on all 14-pin packages 
and the 20-pin FK package, the device chopping frequency can be set by the internal clock or controlled 
externally by use of the INT/EXT and ClK IN pins. To use the internal 450-Hz clock, no connection is necessary. 
If external clocking is desired, connect INT/EXT to Voo- and the external clock to ClK IN. The external clock 
trip point is 2.5 V above the negative rail; however, ClK IN can be driven from the negative rail to 5 V above 
the negative rail. If this level is exceeded, damage could occur to the device unless the current into ClK IN is 
limited to±5 mA. When operating in the single-supply configuration, this feature allows the TlC2652 to be driven 
directly 
by 
5-V 
TTl 
and 
CMOS 
logic. 
A 
divide-by-two frequency divider interfaces with 
ClK 
IN and sets the clock chopping frequency. 


The duty cycle of the external is not critical but 
should be kept between 30% and 60%. 


overload 
recovery/output 
clamp 


When large differential input voltage conditions 
are applied to the TlC2652, 
the nulling loop 
attempts to prevent the output from saturating by 
driving CXAand CXBto internally-clamped voltage 
levels. Once the overdrive condition is removed, 
a period of time is required to allow the built-up 
charge to dissipate. This time period is defined as 
overload recovery time (see Figure 33). Typical 
overload 
recovery 
time 
for 
the 
TlC2652 
is 
significantly 
faster than competitive 
products; 
however, if required, this time can be reduced 
further 
by 
use 
of 
internal 
clamp 
circuitry 
accessible through CLAMP if required. 
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overload 
recovery/output 
clamp (continued) 


The clamp 
is a switch that is automatically 
activated 
when the output 
is approximately 
1 V from either supply 
rail. When connected 
to the inverting 
input (in parallel 
with the closed-loop 
feedback 
resistor), 
the closed-loop 
gain is reduced, 
and the TLC2652 
output is prevented 
from going into saturation. 
Since the output 
must source 
sink current 
through 
the switch 
(see Figure 7), the maximum 
output 
voltage 
swing 
is slightly 
reduced. 


To take advantage 
of the extremely 
low offset voltage 
drift of the TLC2652, 
care must be taken to compensate 
for the thermoelectric 
effects present when two dissimilar 
metals are brought 
into contact 
with each other (such 
as device leads being soldered 
to a printed circuit board). 
Dissimilar 
metal junctions 
can produce 
thermoelectric 
voltages 
in the range of several microvolts 
per degree Celsius 
(orders of magnitude 
greater than the 0.01-Jl V1°C 
typical 
of the TLC2652). 


To help 
minimize 
thermoelectric 
effects, 
careful 
attention 
should 
be 
paid 
to 
component 
selection 
and 
circuit-board 
layout. Avoid the use of nonsoldered 
connections 
(such as sockets, 
relays, switches, 
etc.) in the 
input signal path. Cancel thermoelectric 
effects by duplicating 
the number 
of components 
and junctions 
in each 
device 
input. 
The 
use of low-thermoelectric-coefficient 
components, 
such 
as wire-wound 
resistors, 
is also 
beneficial. 


latch-up 
avoidance 


Because 
CMOS devices are susceptible 
to latch-up due to their inherent 
parasitic 
thyristors, 
the TLC2652 
inputs 
and output are designed 
to withstand 
-1 OO-mA surge currents 
without sustaining 
latch-up; 
however, 
techniques 
to reduce the chance 
of latch-up 
should 
be used whenever 
possible. 
Internal 
protection 
diodes 
should 
not, by 
design, 
be forward 
biased. Applied 
input and output voltages 
should not exceed the supply voltage 
by more than 
300 mY. Care 
should 
be exercised 
when 
using capacitive 
coupling 
on pulse 
generators. 
Supply 
transients 
should be shunted 
by the use of decoupling 
capacitors 
(0.1 JlF typical) 
located 
across the supply 
rails as close 


to the device 
as possible. 


The current 
path established 
if latch-up 
occurs 
is usually 
between 
the supply 
rails and is limited 
only by the 
impedance 
of the power 
supply 
and the forward 
resistance 
of the parasitic 
thyristor. 
The chance 
of latch-up 
occurring 
increases 
with increasing 
temperature 
and supply 
voltage. 


electrostatic 
discharge 
protection 


The TLC2652 
incorporates 
internal 
ESD-protection 
circuits 
that prevent 
functional 
failures 
at voltages 
at or 
below 
2000 
V. Care 
should 
be exercised 
in handling 
these 
devices, 
as exposure 
to ESD 
may 
result 
in 
degradation 
of the device 
parametric 
performance. 


theory of operation 


Chopper-stabilized 
operational 
amplifiers 
offer the best dc performance 
of any monolithic 
operational 
amplifier. 


This 
superior 
performance 
is the result 
of using 
two operational 
amplifiers, 
a main 
amplifier 
and a nulling 
amplifier, 
plus oscillator-controlled 
logic and two external 
capacitors 
to create a system that behaves 
as a single 
amplifier. 
With 
this approach, 
the TLC2652 
achieves 
submicrovolt 
input 
offset 
voltage, 
submicrovolt 
noise 
voltage, 
and offset voltage 
variations 
with temperature 
in the nV/oC range. 


The TLC2652 
on-chip 
control 
logic produces 
two dominant 
clock phases: 
a nulling 
phase 
and an amplifying 
phase. 
The term chopper-stabilized 
derives 
from the process 
of switching 
between 
these 
two clock phases. 


Figure 34 shows 
a simplified 
block diagram 
of the TLC2652. 
Switches 
A and Bare 
make-before-break 
types. 
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theory of operation 
(continued) 


During the nulling phase, switch A is closed shorting the nulling amplifier 
inputs together 
and allowing 
the nulling 
amplifier 
to reduce 
its own input offset 
voltage 
by feeding 
its output 
signal 
back to an inverting 
input node. 


Simultaneously, 
external 
capacitor 
CXA stores the nulling potential 
to allow the offset voltage 
of the amplifier 
to 


remain 
nulled during the amplifying 
phase. 


Main 
Amplifier 


CXBJ- '00- 


Null 
Amplifier 


During the amplifying 
phase, 
switch 
B is closed 
connecting 
the output of the nulling amplifier 
to a non inverting 
input of the main amplifier. 
In this configuration, 
the input offset voltage 
of the main amplifier 
is nulled. 
Also, 


external 
capacitor 
CXB stores 
the nulling 
potential 
to allow the offset voltage 
of the main amplifier 
to remain 
nulled during 
the next nulling 
phase. 


This continuous 
chopping 
process 
allows offset voltage 
nulling during variations 
in time and temperature 
over 
the common-mode 
input voltage 
range and power supply 
range. In addition, 
because 
the low-frequency 
signal 
path is through 
both the null and main amplifiers, 
extremely 
high gain is achieved. 


The low-frequency 
noise of a chopper 
amplifier 
depends 
on the magnitude 
of the component 
noise prior to 
chopping 
and the capability 
of the circuitto 
reduce this noise while chopping. 
The use of the Advanced 
LinCMOS 
process, 
with its low-noise 
analog MOS transistors 
and patent-pending 
input stage design, significantly 
reduces 


the input noise voltage. 


The primary 
source of non ideal operation 
in chopper-stabilized 
amplifiers 
is error charge from the switches. 
As 
charge 
imbalance 
accumulates 
on critical 
nodes, 
input offset voltage 
can increase, 
especially 
with increasing 
chopping 
frequency. 
This problem 
has been significantly 
reduced 
in the TLC2652 
by use of a patent-pending 
compensation 
circuit and the Advanced 
LinCMOS 
process. 


The TLC2652 
incorporates 
a feed-forward 
design that ensures 
continuous 
frequency 
response. 
Essentially, 
the 
gain magnitude 
of the nulling 
amplifier 
and compensation 
network 
crosses 
unity at the break frequency 
of the 
main amplifier. 
As a result, the high-frequency 
response 
of the system 
is the same as the frequency 
response 
of the main amplifier. 
This approach 
also ensures 
that the slewing 
characteristics 
remain the same during 
both 
the nulling 
and amplifying 
phases. 
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• 
Input Noise Voltage 
Oo511V(Peak-to-Peak) Typ, f = 0 to 1 Hz 
1.5 IIV (Peak-to-Peak) Typ, f = 0 to 10Hz 
47 nVl-#ii 
Typ, f = 10 Hz 
13 nVl-#ii 
Typ, f = 1 kHz 


• 
High Chopping 
Frequency ... 
10kHz Typ 


• 
No Clock Noise Below 10kHz 
• 
No Intermodulation 
Error Below 5 kHz 


• 
Low Input Offset Voltage 
10 llV Max (TLC2654A) 


• 
Excellent Offset Voltage Stability 
With Temperature. 
0 
0 Oo0511VloCMax 


• 
Avo 
135 dB Min (TLC2654A) 
• 
CMRR 
110 dB Min (TLC2654A) 


• 
kSVR". 
120 dB Min (TLC2654A) 
• 
Single-Supply 
Operation 
• 
Common-Mode 
Input Voltage Range 
Includes the Negative Rail 


• 
No Noise Degradation With External 
Capacitors 
Connected to Voo- 


D, JG, OR P PACKAGE 
{TOP VIEW) 


CXA[]a 
CXB 
IN- 
2 
7 
Voo+ 
IN+ 
3 
6 
OUT 
Voo- 
4 
5 
CLAMP 


CXB 


CXA 
NC 
IN- 
IN+ 
NC 


Voo- 


D, J, OR N PACKAGE 
{TOP VIEW) 


1 U 14 


2 
13 


3 
12 


4 
11 
5 
10 
6 
9 
7 
a 


INT/EXT 
CLKIN 
CLKOUT 


Voo+ 
OUT 
CLAMP 
C RETURN 


description 


The TLC2654 
and TLC2654A 
are 
low-noise 
chopper-stabilized 
operational amplifiers using 
the Advanced LinCMOSTMprocess. Combining 
this process with chopper-stabilization 
circuitry 
makes excellent dc precision possible. Inaddition, 
circuit 
techniques 
are 
added 
that 
give 
the 
TLC2654 
and TLC2654A 
noise 
performance 
unsurpassed by similar devices. 


FKPACKAGE 
{TOP VIEW) 


I~~ 
~~ui===:J 
uuz~u 


NC 
CLK OUT 
NC 
NC 
IN- 
Voo+ 


NC 
NC 
IN+ 
OUT 


U 
I U Z c.. 
zoza::2 
.g 
~:3 
LUU 
a: 
U 
NC - No internal connection 


PACKAGED 
DEVICES 


Vlomax 
SPIN 
14PIN 
20 PIN 
CHIP 


TA 
AT 25°C 
SMALL 
CERAMIC 
PLASTIC 
SMALL 
CERAMIC 
PLASTIC 
CERAMIC 
FORM 


OUTLINE 
DIP 
DIP 
OUTLINE 
DIP 
DIP 
DIP 
(Y) 
(D) 
(JG) 
(P) 
(D) 
(J) 
(N) 
(FK) 


O°C 
lQllV 
TLC2654AC-8D 
- 
TLC2654ACP 
TLC2654AC-14D 
- 
TLC2654ACN 
- 
to 
20mV 
TLC2654C-8D 
- 
TLC2654CP 
TLC2654C-14D 
- 
TLC2654CN 
- 
TLC2654Y 


70°C 


-40°C 
1011V 
TLC2654AI-8D 
- 
TLC2654AIP 
TLC2654AI-14D 
- 
TLC2654AIN 
- 
to 
2011V 
TLC26541-8D 
- 
TLC2654IP 
TLC26541-14D 
- 
TLC2654IN 
- 
- 


85°C 


-55°C 
1011V 
TLC2654AM-8D 
TLC2654AMJG 
TLC2654AMP 
TLC2654AM-14D 
TLC2654AMJ 
TLC2654AMN 
TLC2654AMFK 
to 
2011V 
TLC2654M-8D 
TLC2654MJG 
TLC2654MP 
TLC2654M-14D 
TLC2654MJ 
TLC2654MN 
TLC2654MFK 
- 


125°C 


PRODUCTION 
DATA 
Information 
Is current 
8S of 
publication 
date. 


Products 
conform 
to specificatIons 
per the terms 
of Texas Instruments 


standard 
warranty. 
Production 
processing 
does not necessarily 
Include 
testing 
of all parameters. 
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On products 
compliant 
to MIL·PRF-38535, 
all parameters 
are tested 
unless 
otherwise 
noted. 
On 
all 
other 
products, 
production 
processing 
does not necessarily 
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testing 
of all parameters. 
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Chopper-stabilization 
techniques 
provide 
for 
extremely 
high dc precision 
by continuously 
nulling input offset voltage even during variations 
l.! 
in temperature, time, common-mode voltage, and 
:> 
power-supply 
voltage. 
The 
high 
chopping 
~ 
frequency of the TLC2654 and TLC2654A (see 
8> 


Figure 1) provides excellent noise performance in 
l!l 
1 k 
a frequency spectrum from near dc to 10kHz. In 
;g 
addition, 
intermodulation 
or aliasing 
error 
is 
5: 
(5 
eliminated from frequencies up to 5 kHz. 
Z:; 
This high dc precision and low noise, coupled with 
~ 
the extremely high input impedance of the CMOS 
~ 
100 
input stage, makes the TLC2654 and TLC2654A 
~ 
ideal choices for a broad range of applications 
'g. 


such as low-level, low-frequency thermocouple 
u: 
amplifiers and strain gauges and wide-bandwidth 
>f:. 
and subsonic circuits. For applications requiring 
10 
even greater dc precision, use the TLC2652 or 
1 
10 
100 
TLC2652A 
devices, 
which 
have 
a chopping 
f - Frequency 
- Hz 
frequency of 450 Hz. 
Figure 1 


The TLC2654 and TLC2654A common-mode input voltage range includes the negative rail, thereby providing 
superior performance in either single-supply or split-supply applications, even at power supply voltage levels 
as low as ±2.3 V. 


vs 
FREQUENCY 


A 


Typical 
25O-Hz 
Chopper-Stabilized 
Operational 
Amplifier 
/ 
I III~ 
I 
I II 
\ 
I 
I I I 
TLC2654 


•.•........- 


Two external capacitors are required to operate the device; however, the on-chip chopper-control circuitry is 
transparent to the user. On devices in the 14-pin and 20-pin packages, the control circuitry is accessible, 
allowing the user the option of controlling the clock frequency with an external frequency source. In addition, 
the clock threshold of the TLC2554 and TLC2654A requires no level shifting when used in the single-supply 
configuration with a normal CMOS or TTL clock input. 


Innovative circuit techniques used on the TLC2654 and TLC2654A allow exceptionally fast overload recovery 
time. An output clamp pin is available to reduce the recovery time even further. 


The device inputs and outputs are designed to withstand -1 OO-mAsurge currents without sustaining latch-up. 
In addition, the TLC2654 and TLC2654A incorporate internal ESD-protection circuits that prevent functional 
failures at voltages up to 2000 V as tested under MIL-STD-883C, Method 3015; however, exercise care in 
handling these devices, as exposure to ESD may result in degradation of the device parametric performance. 


The C-suffix devices are characterized for operation from O°Cto 70°C. The I-suffix devices are characterized 
for operation from -40°C to 85°C. The M-suffix devices are characterized for operation over the full military 
temperature range of -55°C t0125°C. 
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,..---------- 
II 


4 I 
III 
A 
IIIL 
_ 


IIIIII 
2 
I 
_ 
...1 


CXA 
External Components 


7 


VOO- 


Pin numbers shown are for the D (14 pin), J. and N packages. 


TLC2654Y 
chip information 


This chip, when properly assembled, displays characteristics similar to the TLC2654C. Thermal compression 
or ultrasonic bonding may be used on the doped-aluminum bonding pads. Chips may be mounted with 
conductive epoxy or a gold-silicon preform. 


TJmax = 150°C 


TOLERANCES 
ARE ±10%. 
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 


Supply voltage, VDD+ (see Note 1) 
8 V 
Supply voltage, VDD- (see Note 1) 
-8 V 
Differential input voltage, VID (see Note 2) 
±16 V 


Input voltage, VI (any input, see Note 1) 
±8 V 


Voltage range on ClK IN and INT/EXT 
VDD- to VDD- + 5.2 V 


Input current, II (each input) 
±5 mA 
Output current, 10 
±50 mA 
Duration of short-circuit current at (or below) 25°C (see Note 3) 
unlimited 
Current into ClK IN and INT/EXT 
±5 mA 
Continuous total dissipation 
See Dissipation Rating Table 
Operating free-air temperature range, TA: C suffix 
O°Cto 70°C 
I suffix 
-40°C to 85°C 
M suffix 
-55°C to 125°C 
Storage temperature range 
- 65°C to 150°C 
Case temperature for 60 seconds: FK package 
260°C 
lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: D, N, or P package 
260°C 
lead temperature 1,6 mm (1/16 inch) from case for 60 seconds: J or JG package 
300°C 


t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional 
operation of the device at these or any other conditions 
beyond those indicated under "recommended 
operating conditions" 
is not 
implied. Exposure to absolute-maximum-rated 
conditions for extended periods may affect device reliability. 
NOTES: 
1. 
All voltage values, except differential voltages, are with respecllo 
the midpoint between YOO + and YOO-. 


2. 
Oifferential voitages are at IN+ with respect to IN-. 
3. 
The output may be shorted to either supply. Temperature 
and/or supply voltages must be limited to ensure that the maximum 


dissipation rating is not exceeded. 


PACKAGE 
TA,,25°C 
DERATING FACTOR 
TA = 70°C 
TA = 85°C 
TA = 125°C 
POWER RATING 
ABOyE 
TA = 25°C 
POWER RATING 
POWER RATING 
POWER RATING 


0(8 
pin) 
725mW 
5.8mW/oC 
464mW 
377mW 
145mW 
o (14pin) 
950mW 
7.6mW/oC 
608mW 
494mW 
190mW 
FK 
1375mW 
11.0mW/oC 
880mW 
715mW 
275mW 


J 
1375mW 
11.0mW/oC 
880mW 
715mW 
275mW 
JG 
1050mW 
8.4 mW/oC 
672mW 
546mW 
210mW 


N 
1150mW 
9.2 mW/oC 
736mW 
598mW 
230 mW 
P 
1000mW 
8.0 mW/oC 
640mW 
520mW 
200mW 


C SUFFIX 
I SUFFIX 
M SUFFIX 
UNIT 
MIN 
MAX 
MIN 
MAX 
MIN 
MAX 


Supply voltage, YOO+ 
±2.3 
±8 
±2.3 
±8 
±2.3 
+8 
Y 


Common-mode 
input voltage, YIC 
Yoo- 
YOO+-2.3 
Yoo- 
YOO+-2.3 
Yoo- 
YOO+-2.3 
Y 


Clock input voltage 
YOO- 
YOO-+5 
YOO- 
YOO-+5 
YOO 
YOO-+5 
Y 


Operating free-air temperature, 
TA 
0 
70 
-40 
85 
-55 
125 
°c 
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TAt 
TLC2654C 
TLC2654AC 
PARAMETER 
TEST CONDITIONS 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
UNIT 


Input offset voltage 
25°C 
5 
20 
4 
10 
VIO 
(see Note 4) 
Full range 
34 
24 
~V 


aVIO 
Temperature coefficient of 
Full range 
0.01 
0.05 
0.01 
0.05 
~VloC 
input offset voltage 


Input offset voltage 
VIC=O, 
RS =50 0 
25°C 
0.003 
0.06 
0.003 
0.02 
~Vlmo 
long-term drift (see Note 5) 


25°C 
30 
30 
110 
Input offset current 
Full range 
150 
150 
pA 


25°C 
50 
50 
liB 
Input bias current 
Full range 
150 
150 
pA 


Common-mode 
input 
-5 
-5 


VICR 
RS =50 0 
Full range 
to 
to 
V 
voltage range 
2.7 
2.7 


Maximum positive peak 
25°C 
4.7 
4.8 
4.7 
4.8 


VOM+ 
RL=10kQ, 
See Note 6 
V 
output voltage swing 
Full range 
4.7 
4.7 


Maximum negative peak 
25°C 
-4.7 
-4.9 
-4.7 
-4.9 
VOM- 
RL = 10 kQ, 
See Note 6 
V 
output voltage swing 
Full range 
-4.7 
-4.7 


Large-signal 
differential 
25°C 
120 
155 
135 
155 
AVO 
VO=±4V, 
RL = 10 kO 
dB 
voltage amplification 
Full range 
120 
130 


Internal chopping 
25°C 
10 
10 
kHz 
frequency 


25°C 
25 
25 
Clamp on-state current 
RL = 100 kO 


Full range 
25 
25 
~ 


25°C 
100 
100 
Clamp off-state current 
VO= 
-4Vt04V 
Full range 
100 


pA 
100 


Common-mode 
rejection 
VO=O, 
25°C 
105 
125 
110 
125 
CMRR 
ratio 
VIC = VICRmin, 
dB 


RS =500 
Full range 
105 
110 


Supply voltage rejection 
VOO± = ±2.3 V to ±8 V, 
25°C 
110 
125 
120 
125 


kSVR 
dB 
ratio (toVOO±/dVIO) 
VO=O, 
RS =500 
Full range 
110 
120 


25°C 
1.5 
2.4 
1.5 
2.4 


100 
Supply current 
VO=O, 
No load 
mA 
Full range 
2.5 
2.5 
t Full range is O°C to 70°C. 
NOTES: 
4. 
This parameter is not production tested full range. Thermocouple 
effects preclude measurement 
of the actual VIO of these devices 
in high-speed automated testing. VIO is measured to a limit determined by the test equipment capability althe temperature eX1remes. 
The test ensures that the stabilization 
circuitry is performing properly. 


5. 
Typical values are based on the input offset voltage shift observed through 168 hours of operating life test at TA = 150°C eX1rapolated 
to TA = 25° using the Arrhenius equation and assuming an activation energy of 0.96 eV. 
6. 
Output clamp is not connected. 
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TEST 
TAt 
TLC2654C 
TLC2654AC 
PARAMETER 
CONDITIONS 
UNIT 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


25°C 
1.5 
2 
1.5 
2 


SR+ 
Positive slew rate at unity gain 
VO=±2.3V, 
V/IlS 


Full range 
1.3 
1.3 


RL = 10 kn, 


25°C 
2.3 
3.7 
2.3 
3.7 


SR- 
Negative slew rate at unity gain 
CL = 100 pF 
V/IlS 
Full range 
1.7 
1.7 


Equivalent input noise voltage 
f= 
10 Hz 
47 
47 
75 


Vn 
25°C 
nV/*lZ 
(see Note 7) 
f = 1 kHz 
13 
13 
20 


Peak-to-peak 
equivalent input 
f=Ot01Hz 
0.5 
0.5 
VN(PP) 
25°C 
IlV 
noise voltage 
f = 0 to 10 Hz 
1.5 
1.5 


In 
Equivalent input noise current 
f= 
10kHz 
25°C 
0.004 
0.004 
pA/*lZ 


f = 10 kHz, 


Gain-bandwidth 
product 
RL=10kn, 
25°C 
1.9 
1.9 
MHz 
CL = 100 pF 


<Pm 
Phase margin at unity gain 
RL=10kn, 
25°C 
48° 
48° 
CL = 100 pF 
t Full range is O°C to 70°C. 
NOTE 7: 
This parameter is tested on a sample basis for the TLC2654A. 
For other test requirements, 
please contact the factory. This statement 
has no bearing on testing or nontesting of other parameters. 
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TAt 
TLC26541 
TLC2654AI 
PARAMETER 
TEST CONDITIONS 
TYP 
MAX 
MIN 
TYP 
MAX 
UNIT 
MIN 


Input offset voltage 
25°C 
5 
20 
4 
10 
VIO 
(see Note 4) 
Full range 
40 
30 
l1V 


aVIO 
Temperature coefficient of 
Full range 
0.01 
0.05 
0.01 
0.05 
l1V/oC 
input offset voltage 


Input offset voltage 
VIC=O, 
RS=50Q 
25°C 
0.003 
0.06 
0.003 
0.02 
l1V/mO 
long-term drift (see Note 5) 


25°C 
30 
30 
110 
Input offset current 
Full range 
200 
200 
pA 


25°C 
50 
50 
liB 
Input bias current 
Full range 
200 
200 
pA 


Common-mode 
input 
-5 
-5 


VICR 
RS=50Q 
Full range 
to 
to 
V 
vOltage range 
2.7 
2.7 


Maximum positive peak 
25°C 
4.7 
4.8 
4.7 
4.8 
VOM+ 
RL=10kQ, 
See Note 6 
V 
output vOltage swing 
Full range 
4.7 
4.7 


Maximum negative peak 
25°C 
-4.7 
-4.9 
-4.7 
-4.9 
VOM- 
RL=10kQ, 
See Note 6 
V 
output vOltage swing 
Full range 
-4.7 
-4.7 


Large-signal 
differential 
25°C 
120 
155 
135 
155 
AVD 
VO=±4V, 
RL=10kfl 
dB 
voltage amplification 
Full range 
120 
125 


Internal chopping 
25°C 
10 
10 
kHz 
frequency 


25°C 
25 
25 
Clamp on-state current 
RL= 
100kQ 
Full range 
25 
25 
l1A 


25°C 
100 
100 
Clamp off-state current 
VO= 
-4Vt04V 
Full range 
100 
100 
pA 


Common-mode 
rejection 
VO=O, 
25°C 
105 
125 
110 
125 
CMRR 
ratio 
VIC = VICRmin, 
dB 
RS =50Q 
Full range 
105 
110 


Supply voltage rejection 
VDD± = ± 2.3 V to ±8 V, 
25°C 
110 
125 
120 
125 
kSVR 
dB 
ratio (t.VDD±It.VIO) 
VO=O, 
RS=50Q 
Full range 
110 
120 


25°C 
1.5 
2.4 
1.5 
2.4 
IDD 
Supply current 
VO=O, 
No load 
mA 
Full range 
2.5 
2.5 
t Full range is -40°C 
to 85°C 
NOTES: 
4. 
This parameter is not production tested full range. Thermocouple 
effects preclude measurement 
of the actual VIO of these devices 
in high-speed automated testing. VIO is measured to a limit determined by the test equipment capability at the temperature extremes. 
The test ensures that the stabilization circuitry is performing properly. 


5. 
Typical values are based on the input offset voltage shift observed through 168 hours of operating life test at TA = 150°C extrapolated 
to TA = 25°C using the Arrhenius equation and assuming an activation energy of 0.96 eV. 


6. 
Output clamp is not connected. 
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TEST 
TAt 
TLC26541 
TLC2654AI 


PARAMETER 
CONDITIONS 
UNIT 


MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


25°C 
1.5 
2 
1.5 
2 
SR+ 
Positive slew rate at unity gain 
VO=±2.3 
V, 
V/Jls 
Full range 
1.2 
1.2 
RL = 10 kn, 


25°C 
2.3 
3.7 
2.3 
3.7 
SR- 
Negative slew rate at unity gain 
CL = 100 pF 
V/Jls 


Full range 
1.5 
1.5 


Equivalent input noise voltage 
f= 10 Hz 
47 
'47 
75 
Vn 
25°C 
nV/,fHZ 
(see Note 7) 
f = 1 kHz 
13 
13 
20 


Peak-to-peak 
equivalent input 
1= 0 to 1 Hz 
0.5 
0.5 
VN(PP) 
25°C 
JlV 
noise voltage 
I=Oto 
10 Hz 
1.5 
1.5 


In 
Equivalent input noise current 
1= 
10kHz 
25°C 
0.004 
0.004 
pAl,fHZ 


1= 10 kHz, 


Gain-bandwidth 
product 
RL= 
10 kQ, 
25°C 
1.9 
1.9 
MHz 
CL = 100 pF 


<Pm 
Phase margin at unity gain 
RL=10kQ, 
25°C 
48° 
48° 
CL = 100 pF 
t Full range is -40°C 
to 85°C. 


NOTE 7: 
This parameter is tested on a sample basis lor the TLC2654A. 
For other test requirements, 
please contact the lactory. This statement 
has no bearing on testing or nontesting 01other parameters. 
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TAt 
TLC2654M 
TLC2654AM 
PARAMETER 
TEST CONDITIONS 
MAX 
MIN 
TYP 
MAX 
UNIT 
MIN 
TYP 


Input offset voltage 
25°C 
5 
20 
4 
10 
VIO 
(see Note 4) 
FUll range 
50 
40 
~V 


aVIO 
Temperature coefficient of 
Full range 
0.01 
0.05' 
0.01 
0.05' 
~V/oC 
input offset voltage 


Input offset voltage 
VIC=O, 
RS =50n 
25°C 
0.003 
0.06' 
0.003 
0.02' 
~V/mo 
long-term drift (see Note 5) 


25°C 
30 
30 
110 
Input offset current 
FUll range 
500 
500 
pA 


25°C 
50 
50 
liB 
Input bias current 
FUll range 
500 
500 
pA 


Common-mode 
input 
-5 
-5 


VICR 
Rs=50n 
FUll range 
to 
to 
V 
voltage range 
2.7 
2.7 


Maximum positive peak 
25°C 
4.7 
4.8 
4.7 
4.8 
VOM+ 
RL = 10 kQ, 
See Note 6 
V 
output voltage swing 
FUll range 
4.7 
4.7 


Maximum negative peak 
25°C 
-4.7 
-4.9 
-4.7 
-4.9 
VOM- 
RL=10kQ, 
See Note 6 
V 
output voltage swing 
FUll range 
-4.7 
-4.7 


Large-signal differential 
25°C 
120 
155 
135 
155 
AVO 
VO=±4V, 
RL = 10 kn 
dB 
voltage amplification 
Full range 
120 
120 


Internal chopping 
25°C 
10 
10 
kHz 
frequency 


25°C 
25 
25 
Clamp on-state current 
RL = 100 kn 
Full range 
25 
25 
~ 


25°C 
100 
100 
Clamp off-state current 
VO= 
-4Vt04V 
FUll range 
500 
500 
pA 


Common-mode 
rejection 
VO=O, 
25°C 
105 
125 
110 
125 
CMRR 
VIC = VICRmin, 
dB 
ratio 
RS =50n 
FUll range 
105 
110 


Supply voltage rejection 
VDO± = ±2.3 V to ±8 V, 
25°C 
110 
125 
120 
125 
kSVR 
dB 
ratio (t,vOO±/8VI0) 
VO=O, 
RS = 50 n 
Full range 
105 
115 


25°C 
1.5 
2.4 
1.5 
2.4 
100 
Supply current 
VO=O, 
No load 
mA 
FUll range 
2.5 
2.5 


, On products complaint to MIL-STD-883, 
Class B, this parameter is not production tested. 


t FUll range is -55°C 
to 125°C. 


NOTES: 
4. 
This parameter is not production tested full range. Thermocouple 
effects preclude measurement 
of the actual VIO of these devices 
in high-speed automated testing. VIO is measured to a limit determined by the test equipment capability althe temperature extremes. 
The test ensures that the stabilization circuitry is performing properly. 


5. 
Typical values are based on the input offset voltage shift observed through 168 hours of operating life test aIT A = 150°C extrapoiated 
to TA = 25°C using the Arrhenius equation and assuming an activation energy of 0.96 eV. 


6. 
Output clamp is not connected. 
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TLC2654M 


PARAMETER 
TEST CONDITIONS 
TAt 
TLC2654AM 
UNIT 
MIN 
TYP 
MAX 


SR+ 
25°C 
1.5 
2 
Positive slew rate at unity gain 
VIlIS 
Full range 
1.1 
VO=±2.3V, 
RL=10kn, 
CL = 100 pF 
25°C 
2.3 
3.7 
SR- 
Negative slew rate at unity gain 
VIlIS 
Full range 
1.3 


f= 
10 Hz 
25°C 
47 
Vn 
Equivalent input noise voltage 
f = 1 kHz 
nV/v'RZ 
25°C 
13 


Peak-to-peak 
equivalent input 
f = Oto 1 Hz 
25°C 
0.5 
VN(PP) 
noise voltage 
f=Ot010Hz 
25°C 
1.5 
llV 


In 
Equivalent input noise current 
f = 1 kHz 
25°C 
0.004 
pAlv'RZ 


Gain-bandwidth 
product 
f = 10 kHz, 
RL = 10 kn, 
CL = 100 pF 
25°C 
1.9 
MHz 


~m 
Phase margin at unity gain 
RL = 10 kil, 
CL = 100 pF 
25°C 
48° 
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TLC2654Y 
PARAMETER 
TEST CONDITIONS 
MIN 
TYP 
MAX 
UNIT 


Via 
Input offset vohage (see Note 4) 
5 
20 
llV 


Input offset voltage long-term drift (see Note 5) 
0.003 
0.06 
llV/mo 


110 
Input offset current 
VIC=O, 
RS=50n 
30 
pA 


liB 
Input bias current 
50 
pA 


-5 


VICR 
Common-mode 
input voltage range 
RS=50n 
to 
V 
2.7 


VOM+ 
Maximum positive peak output voltage swing 
RL = 10 kn, 
See Note 5 
4.7 
4.8 
V 


VOM- 
Maximum negative peak output voltage swing 
RL = 10 kn, 
See Note 5 
-4.7 
-4.9 
V 


AVD 
Large-signal 
differential voltage amplification 
VO=±4V. 
RL= 
10k!} 
120 
155 
dB 


fch 
Internal chopping frequency 
I 
10 
Hz 


Clamp on-state current 
RL=100kn 
25 
llA 


Clamp off-state current 
VO= 
-4Vt04V 
100 
pA 


CMRR 
Common-mode 
rejection ratio 
VIC = VICRmin. 
VO=O. 
105 
125 
dB 
RS=50n 


kSVR 
Supply voltage rejection ratio (eNDD± leNIO) 
VDD± = ±2.3 V to ±8 V, 
110 
125 
dB 
VO=O. 
RS=50n 


IDD 
Supply current 
VO=O. 
No load 
1.5 
2.4 
mA 


NOTES: 
4. 
This parameter is not production tested full range. Thermocouple 
effects preclude measurement 
of the actual Via 
of these devices 
in high-speed automated testing. Via is measured to a limit determined by the test equipment capability althe temperature extremes. 
The test ensures that the stabilization 
circuitry is performing properly. 


5. 
Typical values are based on the input offset voltage shift observed through 168 hours of operating life test at TA = 150°C extrapolated 
to TA = 25°C using the Arrhenius equation and assuming an activation energy of 0.96 eV. 


TLC2654Y 
PARAMETER 
TEST CONDITIONS 
UNIT 
MIN 
TYP 
MAX 


SR+ 
Positive slew rate at unity gain 
VO=±2.3 
V, 
RL=10kn, 
1.5 
2 
V/llS 


SR- 
Negative slew rate at unity gain 
CL = 100 pF 
2.3 
3.7 
V/llS 


f= 10 Hz 
47 
Vn 
Equivalent input noise voltage 
1= 1,kHz 
13 
nV/.JFfZ 


f=Ot01Hz 
0.5 
VN(PP) 
Peak-to-peak 
equivalent input noise voltage 
f=Ot010Hz 
1.5 
llV 


In 
Equivalent input noise current 
f= 
1 kHz 
0.004 
pAl.JFfZ 


Gain-bandwidth 
product 
f=10kHz. 
RL=10kn, 
1.9 
MHz 
CL = 100 pF 


"'m 
Phase margin at unity gain 
RL=10kQ, 
CL = 100 pF 
48° 
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FIGURE 


VIO 
Input offset voltage 
Distribution 
1 


Normalized input offset voltage 
vs Chopping frequency 
2 


'10 
Input offset current 
vs Chopping frequency 
3 
vs Free-air temperature 
4 


vs Common-mode 
input voltage 
5 
liB 
Input bias current 
vs Chopping frequency 
6 
vs Free-air temperature 
7 


Clamp current 
vs Output voltage 
8 


YOM 
Maximum peak output voltage swing 
vs Output current 
9 
vs Free-air temperature 
10 


VO(PP) 
Maximum peak-to-peak 
output voltage swing 
vs Frequency 
11 


CMRR 
Common-mode 
rejection ratio 
vs Frequency 
12 


AVD 
Large-signal 
differential voltage amplification 
vs Frequency 
13 
vs Free-air temperature 
14 


Chopping frequency 
vs Supply voltage 
15 
vs Free-air temperature 
16 


IDD 
Supply current 
vs Supply voltage 
17 
vs Free-air temperature 
18 


10S 
Short-circuit output current 
vs Supply voltage 
19 
vs Free-air temperature 
20 


SR 
Slew rate 
vs Supply voltage 
21 
vs Free-air temperature 
22 


Pulse response 
Small signal 
23 
Large signal 
24 


VN(PP) 
Peak-to-peak 
input noise voltage 
vs Chopping frequency 
25,26 


Vn 
Equivalent input noise voltage 
vs Frequency 
27 


kSVR 
Supply voltage rejection ratio 
vs Frequency 
28 


Gain-bandwidth 
product 
vs Supply voltage 
29 
vs Free-air temperature 
30 


4>m 
Phase margin 
vs Supply voltage 
31 
vs Load capacitance 
32 


Phase shift 
vs Frequency 
13 
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DISTRIBUTION OF TLC2654 
INPUT OFFSET VOLTAGE 


456 Units Tested From 4 Wafer Lots 
VOO±=±5 
V 
TA = 25°C 
16 
N Package 


o 
-20 
-16 
-12 
- 8 
- 4 
0 
4 
8 
12 
16 
20 


VIO -Input 
Offset Voltage -IlV 


INPUT OFFSET CURRENT 
vs 
CHOPPING FREQUENCY 


140 


120 


c(Q. 
I 
100 
C 
~ 
" 
80 
() 
•• 
III 
:I:0 
60 
'5Q. 
.E 
I 
40 
Q 


20 


I 
VOo±=±5 
V 
VIC=O 
TA = 25°C 
/ 


/ 
/ 


I-f- 
- 
1 k 
10 k 


Chopping 
Frequency - Hz 


Figure 4 


NORMALIZED 
INPUT OFFSET VOLTAGE 
vs 
CHOPPING FREQUENCY 
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INPUT OFFSET CURRENT 
vs 
FREE-AIR TEMPERATURE 
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Figure 5 
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Figure 8 
Figure 9 
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capacitor 
selection 
and placement 


leakage and dielectric absorption are the two important factors to consider when selecting external capacitors 
CXA and CXB' Both factors can cause system degradation, negating the performance advantages realized by 
using the TlC2654. 


Degradation from capacitor leakage becomes more apparent with increasing temperatures. low-leakage 
capacitors and standoffs are recommended for operation at TA = 125°C. In addition, guard bands are 
recommended around the capacitor connections on both sides of the printed-circuit board to alleviate problems 
caused by surface leakage on circuit boards. 


Capacitors with high dielectric absorption tend to take several seconds to settle upon application of power, which 
directly affects input offset voltage. In applications needing fast settling of input voltage, high-quality film 
capacitors such as mylar, polystyrene, or polypropylene should be used. In other applications, a ceramic or 
other low-grade capacitor can suffice. 


Unlike many choppers available today, the TlC2654 is designed to function with values of CXAand CXB in the 
range of 0.1 f.l.Fto 1 f.l.Fwithout degradation to input offset voltage or input noise voltage. These capacitors 
should be located as close as possible to CXA and CXB and return to either VDD- or C RETURN. On many 
choppers, connecting these capacitors to VDD- causes degradation in noise performance; this problem is 
eliminated on the TlC2654. 


The TlC2654 
has an internal clock that sets the chopping frequency to a nominal value of 10 kHz. On 8-pin 
packages, the chopping frequency can only be controlled by the internal clock; however, on all 14-pin packages 
and the 20-pin FK package the device chopping frequency can be set by the internal clock or controlled 
externally by use of the INT/EXT and ClK IN. To use the internal10-kHz clock, no connection is necessary. If 
external clocking is desired, connect INT/EXT to VDD- and the external clock to ClK IN. The external clock trip 
point is 2.5 V above the negative rail; however, ClK IN can be driven from the negative rail to 5 V above the 
negative rail. This allows the TlC2654 to be driven directly by 5-V TTl and CMOS logic when operating in the 
single-supply configuration. If this 5-V level is exceeded, damage could occur to the device unless the current 
into ClK IN is limited to ±5 mA. A divide-by-two 
frequency divider interfaces with ClK IN and sets 
the chopping frequency. The chopping frequency 
appears on ClK OUT. 


overload 
recovery/output 
clamp 


When large differential-input-voltage 
conditions 
are applied to the TlC2654, 
the nulling loop 
attempts to prevent the output from saturating by 
driving CXAand CXBto internally-clamped voltage 
levels. Once the overdrive condition is removed, 
a period of time is required to allow the built-up 
charge to dissipate. This time period is defined as 
overload recovery time (see Figure 34). Typical 
overload 
recovery 
time 
for 
the TlC2654 
is 
significantly 
faster than competitive 
products; 


however, this time can be reduced further by use 
of internal clamp circuitry accessible through 
CLAMP if required. 
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overload 
recovery/output 
clamp (continued) 


The clamp is a switch that is automatically activated when the output is approximately 1 V from either supply 
rail. When connected to the inverting input (in parallel with the closed-loop feedback resistor), the closed-loop 
gain is reduced and the TLC2654 output is prevented from going into saturation. Since the output must source 
or sink current through the switch (see Figure 9), the maximum output voltage swing is slightly reduced. 


To take advantage of the extremely low offset voltage temperature coefficient of the TLC2654, care must be 
taken to compensate for the thermoelectric effects present when two dissimilar metals are brought into contact 
with each other (such as device leads being soldered to a printed-circuit board). It is not uncommon for dissimilar 
metal junctions to produce thermoelectric voltages in the range of several microvolts per degree Celsius (orders 
of magnitude greater than the 0.01 IlV/oC typical of the TLC2654). 


To help minimize thermoelectric effects, pay careful attention to component selection and circuit-board layout. 
Avoid the use of nonsoldered connections (such as sockets, relays, switches, etc.) in the input signal path. 
Cancel thermoelectric effects by duplicating the number of components and junctions in each device input. The 
use of low-thermoelectric-coefficient components, such as wire-wound resistors, is also beneficial. 


latch-up 
avoidance 


Because CMOS devices are susceptible to latch-up due to their inherent parasitic thyristors, the TLC2654 inputs 
and outputs are designed to withstand -100-mA 
surge currents without sustaining latch-up; however, 


techniques to reduce the chance of latch-up should be used whenever possible. Internal protection diodes 
should not, by design, be forward biased. Applied input and output voltages should not exceed the supply 
voltage by more than 300 mY. Care should be exercised when using capacitive coupling on pulse generators. 
Supply transients should be stunted by the use of decoupling capacitors (0.1 IlF typical) located across the 
supply rails as close to the device as possible. 


The current path established if latch-up occurs is usually between the supply rails and is limited only by the 
impedance of the power supply and the forward resistance of the parasitic thyristor. The chance of latch-up 
occurring increases with increasing temperature and supply voltage. 


electrostatic-discharge 
protection 


The TLC2654 incorporates internal ESD-protection circuits that prevent functional failures at voltages at or 
below 2000 V. Care should be exercised in handling these devices, as exposure to ESD may result in 
degradation of the device parametric performance. 


Chopper-stabilized operational amplifiers offer the best dc performance of any monolithic operational amplifier. 
This superior performance is the result of using two operational amplifiers - a main amplifier and a nulling 
amplifier - plus oscillator-controlled logic and two external capacitors to create a system that behaves as a 
single amplifier. With this approach, the TLC2654 achieves submicrovolt input offset voltage, submicrovolt 
noise voltage, and offset voltage variations with temperature in the nV/oC range. 


The TLC2654 on-chip control logic produces two dominant clock phases: a nulling phase and an amplifying 
phase. The term chopper-stabilized derives from the process of switching between these two clock phases. 
Figure 35 shows a simplified block diagram of the TLC2654. Switches A and Bare make-before-break types. 
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theory of operation 
(continued) 


During the nulling phase, switch A is closed, shorting the nulling amplifier 
inputs together 
and allowing 
the nulling 
amplifier 
to reduce 
its own input offset 
voltage 
by feeding 
its output 
signal 
back to an inverting 
input 
node. 
Simultaneously, 
external 
capacitor 
CXA stores the nulling potential 
to allow the offset voltage 
of the amplifier 
to 
remain 
nulled during 
the amplifying 
phase. 


IN+ 
5 


IN- 
4 


During the amplifying 
phase, switch 
B is closed, 
connecting 
the output of the nulling amplifier 
to a noninverting 
input of the main amplifier. 
In this configuration, 
the input offset voltage 
of the main amplifier 
is nulled. 
Also, 
external 
capacitor 
CXB stores 
the nulling 
potential 
to allow the offset voltage 
of the main amplifier 
to remain 
nulled during the next nulling 
phase. 


This continuous 
chopping 
process 
allows offset voltage 
nulling during variations 
in time and temperature 
and 
over the common-mode 
input voltage 
range and power supply 
range. 
In addition, 
because 
the low-frequency 
signal 
path is through 
both the null and main amplifiers, 
extremely 
high gain is achieved. 


The low-frequency 
noise of a chopper 
amplifier 
depends 
on the magnitude 
of the component 
noise 
prior to 
chopping 
and the capability 
of the circuit to reduce this noise while chopping. 
The use of the Advanced 
LinCMOS 
process, 
with its low-noise 
analog MOS transistors 
and patent-pending 
input stage design, significantly 
reduces 
the input noise voltage. 


The primary 
source of nonideal 
operation 
in chopper-stabilized 
amplifiers 
is error charge 
from the switches. 
As 
charge 
imbalance 
accumulates 
on critical 
nodes, 
input offset voltage 
can increase 
especially 
with increasing 
chopping 
frequency. 
This problem 
has been significantly 
reduced 
in the TLC2654 
by use of a patent-pending 
compensation 
circuit 
and the Advanced 
LinCMOS 
process. 


The TLC2654 
incorporates 
a feed-forward 
design that ensures 
continuous 
frequency 
response. 
Essentially, 
the 
gain magnitude 
of the nulling amplifier 
and compensation 
network 
crosses 
unity at the break frequency 
of the 
main amplifier. 
As a result, the high-frequency 
response 
of the system 
is the same as the frequency 
response 
of the main amplifier. 
This approach 
also ensures 
that the slewing 
characteristics 
remain the same during 
both 
the nulling 
and amplifying 
phases. 


The primary 
limitation 
on ac performance 
is the chopping 
frequency. 
As the input signal frequency 
approaches 
the chopper's 
clock frequency, 
intermodulation 
(or aliasing) 
errors result from the mixing of these frequencies. 
To avoid these 
error signals, 
the input frequency 
must be less than half the clock frequency. 
Most choppers 
available 
today limit the internal 
chopping 
frequency 
to less than 500 Hz in order to eliminate 
errors due to the 
charge 
imbalancing 
phenomenon 
mentioned 
previously. 
However, 
to avoid intermodulation 
errors on a SOD-Hz 
chopper, 
the input signal frequency 
must be limited to less than 250 Hz. 
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theory of operation 
(continued) 


The TLC2654 
removes 
this restriction 
on ac performance 
by using a 1O-kHz internal 
clock frequency. 
This high 
chopping 
frequency 
allows amplification 
of input signals 
up to 5 kHz without 
errors due to intermodulation 
and 
greatly 
reduces 
low-frequency 
noise. 


temperature 
coefficient 
of input offset voltage 


Figure 
36 shows 
the effects 
of package-included 
thermal 
EMF. The TLC2654 
can null only the offset voltage 
within 
its nulling 
loop. There are metal-to-metal 
junctions 
outside 
the nulling 
loop (bonding 
wires, solder joints, 


etc.) that produce 
EMF. In Figure 36, a TLC2654 
packaged 
in a 14-pin plastic package 
(N package) 
was placed 
in an oven at 25°C at t = 0, biased up, and allowed 
to stabilize. 
At t = 3 min, the oven was turned on and allowed 
to rise in temperature 
to 125°C. 
As evidenced 
by the curve, 
the overall 
change 
in input offset 
voltage 
with 
temperature 
is less than the specified 
maximum 
limit of 0.05 ',lV/oC. 
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• 
Low Input Noise Voltage: 
35 nV/'-'HZMax at f = 10 Hz 
15 nVl'-'HZMax at f = 1 kHz 


• 
Low Input Offset Voltage: 
500)lV Max at TA = 25°C 
1.5 mV Max at TA = Full Range 


• 
Excellent Offset Voltage Stability With 
Temperature ... 
4 )lV/oC Typ 


description 


The 
TLC2801 
is 
a 
precIsion, 
low-noise 
operational amplifier manufactured using Texas 
Instruments Advanced LinCMOSTMprocess. The 
TLC2801 combines the noise performance of the 
lowest-noise JFET amplifiers with the dc precision 
available previously only in bipolar amplifiers. The 
Advanced LinCMOSTMprocess uses silicon-gate 
technology to obtain input offset voltage stability 
with temperature and time that far exceeds that 
obtainable 
using 
metal-gate 
technology. 
In 
addition, this technology makes possible input 
impedance levels that meet or exceed levels 
offered 
by 
top-gate 
JFET 
and 
expensive 
dielectric-isolated devices. 


The 
combination 
of excellent 
dc 
and 
noise 
performance with a common-mode input voltage 
range that includes the negative rail makes the 
TLC2801 an ideal choice for high-impedance, 
low-level signal conditioning applications in either 
single-supply or split-supply configurations. 


The device inputs and output are designed to 
withstand 
-100-mA 
surge 
currents 
without 


sustaining latch-up. In addition, internal ESD- 
protection circuits prevent functional failures at 
voltages 
up 
to 
2000 V 
as 
tested 
under 
MIL-STD-883C, Method 3015.2; however, care 
should be exercised in handling these devices as 
exposure to ESD may result in degradation of the 
device parametric performance. 


The TLC2801 is characterized for operation over 
the temperature range of -40°C to 150°C. 


• 
Low Input Bias Current: 
1 pA Typ at TA = 25°C 
250 pA Typ at TA = 150°C 


• 
Specified for Both Single-Supply 
and 
Split-Supply 
Operation 


• 
Common-Mode 
Input Voltage Range 
Includes the Negative Rail 
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o OR P PACKAGE 
(TOP VIEW) 


NCu 


8 
NC 


11N- 
2 
7 
VDD+ 


11N+ 
3 
6 
OUT 


VDD_/GND 
4 
5 
NC 


LARGE-SIGNAL 
DIFFERENTIAL 
VOLTAGE AMPLIFICATION 
vs 
FREE-AIR TEMPERATURE 


80 
-50 
-25 


PACKAGED 
DEVICES 
CHIP 


TA 
Vlomax 
SMALL 
OUTLINE 
PLASTIC 
DIP 
FORM 
AT 150°C 
(D) 
(P) 
(V) 


- 40°C to 150°C 
1.5mV 
TLC2801ZD 
TLC2801ZP 
TLC2801Y 


The 
D packages 
are 
available 
taped 
and 
reeled. 
Add 
R suffix 
to 
the 
device 
type 
when 
ordering 


(e.g., TLC2801ZDR). 


Advanced LinCMOS is a trademark of Texas Instruments 
Incorporated. 


PRODUCTION 
DATA 
information 
is current 
8S of 
pUblication 
date. 


Products conform to speclflcatlons per the terms of Texas Instruments 
standard 
warranty. 
Production 
processing 
does not necessarily 
Include 


testing 
of all parameters. 
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TLC2801Y chip information 


This chip, properly assembled, displays characteristics similar to the TLC2801. Thermal compression or 
ultrasonic bonding may be used on the doped-aluminum bonding pads. Chips may be mounted with conductive 
epoxy or a gold-silicon preform. 


~ 
~ 
~ 


1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1 


CHIP THICKNESS: 
15 TYPICAL 


BONDING 
PADS: 4 x 4 MINIMUM 


TJmax= 
150°C 


TOLERANCES 
ARE ±10"lo. 


ALL DIMENSIONS 
ARE IN MILS. 


PIN (4) IS INTERNALLY 
CONNECTED 
TO BACKSIDE 
OF CHIP. 
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absolute 
maximum 
ratings over operating 
free-air temperature 
range (unless otherwise 
noted)t 


Supply voltage, Voo+ (see Note 1) 
8 V 
Supply voltage, Voo- (see Note 1) 
-8 V 
Differential input voltage, VID (see Note 2) 
±16 V 
Input voltage range, VI (any input, see Note 1) 
±8 V 
Input current, II (each input) 
±5 mA 
Output current, 10 
±50 mA 
Duration of short-circuit current at (or below) 25°C (see Note 3) 
unlimited 
Operating free-air temperature range, TA 
-40°C to 150°C 
Storage temperature range 
-65°C to 175°C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds 
260°C 
t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions 
beyond those indicated under "recommended 
operating conditions" 
is not 


implied. Exposure to absolute-maximum-rated 
conditions for extended periods may affect device reliability. 
NOTES: 
1. 
All voltage values, except differential voltages, are with respect to the midpoint between VDD± and VDD-. 


2. 
Differential voltages are at the noninverting 
input with respect to the inverting point. 


3. 
The output may be shorted to either supply. Temperature 
and/or supply voltages must be limited to ensure that the maximum 
dissipation rating is not exceeded. 


MIN 
MAX 
UNIT 


Supply voltage, VDD± 
±2.3 
±8 
V 


Common-mode 
input voltage, VIC 
VDD- 
VDD+-2.3 
V 


Operating free-air temperature, 
TA 
-40 
150 
°C 
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TAt 
TLC2801Z 
PARAMETER 
TEST CONDITIONS 
UNIT 
MIN 
TYP 
MAX 


25°C 
100 
500 
VIO 
Input offset voltage 
Full range 
1500 
~V 


aVIO 
Temperature coefficient of input offset voltage 
-55°C 
to 
4 
~V/oC 
150°C 


Input offset voltage long-term drift 
VIC=O, 
RS =50n 
25°C 
0.001 
0.005 
~V/mo 
(see Note 4) 


25°C 
0.5 
pA 
110 
Input offset current 
Full range 
3 
nA 


25°C 
1 
pA 
liB 
Input bias current 
Full range 
30 
nA 


-5 


VICR 
Common-mode 
input voltage range 
RS=50n 
Full range 
to 
V 
2.7 


25°C 
4.7 
4.8 
VOM+ 
Maximum positive peak output voltage swing 
V 
Full range 
4.5 
RL= 
10 kn 


25°C 
-4.7 
-4.9 
VOM- 
Maximum negative peak output voltage swing 
V 
Full range 
-4.5 


25°C 
300 
460 
VO=±4V, 
RL=500 
kn 


Full range 
100 
AVO 
Large-signal 
differential voltage amplification 
V/mV 
25°C 
50 
100 
VO=±4V, 
RL= 
10 kn 


Full range 
15 


VO=O, 
VIC = VICRmin, 
25°C 
90 
115 
CMRR 
Common-mode 
rejection ratio 
dB 
RS =50n 
Full range 
85 


25°C 
90 
110 
kSVR 
Supply-voltage 
rejection ratio (L1VOO±IL1VIO) 
VOO± = ±2.3 V to ±8 V 
dB 
Full range 
85 


25°C 
1.1 
1.5 
100 
Supply current 
VO=O, 
No load 
mA 
Full range 
1.5 


TAt 
TLC2801Z 
PARAMETER 
TEST CONDITIONS 
UNIT 
MIN 
TYP 
MAX 


VO=±2.3 
V, 
RL= 10 Iill, 
25°C 
2 
2.7 
V/~ 
SR 
Slew rate unity gain 
CL=1OOpF 
Full range 
1 


f= 10 Hz 
18 
35 
Vn 
Equivalent input noise voltage 
25°C 
nV/v'RZ 
f = 1 kHz 
8 
15 


f = 0.1 to 1 Hz 
0.5 
VN(PP) 
Peak-to-peak 
equivalent input noise voltage 
25°C 
~V 
f = 0.1 to 10Hz 
0.7 


In 
Equivalent input noise current 
25°C 
0.6 
fA/v'RZ 


Gain-bandwidth 
product 
f= 10 kHz, 
RL= 
10 Iill, 
25°C 
1.9 
MHz 
CL = 100 pF 


4>m 
Phase margin at unity gain 
RL= 101ill, 
CL=100pF 
25°C 
48° 


t Full range is -40°C 
to 150°C. 
NOTE 4: 
Typical values are based on the input offset voltage shift observed through 168 hours of operating life test at TA = 150°C extrapolated 
to TA = 25°C using the Arrhenius equation and assuming an activation energy of 0.96 eV. 
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TLC2801Z 
PARAMETER 
TEST CONDITIONS 
TAt 
UNIT 
MIN 
TYP 
MAX 


25°C 
100 
500 
VIO 
Input offset voltage 
Full range 
1500 
!-LV 


"VIO 
Temperature coefficient 01input offset voltage 
Full range 
4 
!-LV/oC 


Input offset voltage long-term drift (see Note 4) 
25°C 
0.001 
0.005 
!-LV/mo 
VIC=O, 
RS =50 0 
25°C 
0.5 
110 
Input offset current 
Full range 
3 
pA 


25°C 
1 
liB 
Input bias current 
Full range 
30 
pA 


-5 


VICR 
Common-mode 
input voltage range 
RS =500 
Full range 
to 
V 
2.7 


25°C 
4.7 
4.8 
VOH 
Maximum high-level output voltage 
V 
Full range 
4.4 
RL = 10 krl 
25°C 
0 
50 
VOL 
Maximum low-level output voltage 
mV 
Full range 
50 


VO=1Vt04V, 
25°C 
150 
315 


RL = 500 kO 
Full range 
50 
AVO 
Large-signal 
differential voltage amplilication 
V/mV 
VO=1Vt04V, 
25°C 
25 
55 


RL=10kO 
Full range 
5 


VO=O, 
VIC = VICRmin, 
25°C 
90 
110 
CMRR 
Common-mode 
rejection ratio 
dB 
RS=500 
Full range 
85 


25°C 
90 
110 


kSVR 
Supply-voltage 
rejection ratio (L\VDD±/L\VIO) 
VDD 
=4.6Vt016V 
dB 
Full range 
85 


25°C 
1.1 
1.5 
100 
Supply current 
VO=O, 
No load 
mA 
Full range 
1.5 


TLC2801Z 
PARAMETER 
TEST CONDITIONS 
TAt 
UNIT 
MIN 
TYP 
MAX 


Vo = 0.5 V to 2.5 V, 
25°C 
1.8 
2.5 
SR 
Slew rate unity gain 
V/!-LS 
RL = 10 krl, 
CL = 100 pF 
Full range 
0.8 


1= 10 Hz 
25°C 
18 
35 
Vn 
Equivalent input noise voltage 
1= 1 kHz 
25°C 
8 
15 
nV/VHZ 


1= 0.1 to 1 Hz 
25°C 
0.5 
VN(PP) 
Peak-to-peak 
equivalent input noise voltage 
I = 0.1 to 10Hz 
25°C 
0.7 
!-LV 


In 
Equivalent input noise current 
25°C 
0.6 
fA/VHZ 


Gain-bandwidth 
product 
1= 10 kHz, 
RL = 10 krl, 
25°C 
1.8 
MHz 
CL = 100 pF 


4'm 
Phase margin at unity gain 
RL=10kQ, 
CL = 100 pF 
25°C 
45° 


t Full range is -40°C 
to 150°C. 


NOTE 4: 
Typical values are based on the input offset voltage shift observed through 168 hours 01operating lile test at TA = 150°C extrapolated 
to TA = 25°C using the Arrhenius equation and assuming an activation energy 010.96 eV. 
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TLC2801Z 
PARAMETER 
TEST CONDITIONS 
UNIT 
MIN 
TYP 
MAX 


VIO 
Input offset voltage 
100 
500 
IlV 


Input offset voltage long-term drift (see Note 4) 
0.001 
0.005 
IlV/mo 
VIC=O. 
RS=500 


0.5 
pA 
110 
Input offset current 


liB 
Input bias current 
1 
pA 


0 


VICR 
Common-mode 
input voltage range 
RS =500 
RS =500 
to 
V 
2.7 


VOH 
Maximum high-level output voltage 
RL = 10 kfl 
RL = 10 kfl 
4.7 
4.8 
V 


VOL 
Maximum low-level output voltage 
10 =0 
10 =0 
0 
50 
mV 


VO=1 
Vt04V, 
RL = 500 kO 
150 
315 
V/mV 
AVD 
Large-signal 
differential voltage amplilication 
VO= 
1 Vt04 
V, 
RL=10kO 
25 
55 


CMRR 
Common-mode 
rejection ratio 
VO=O. 
VIC = VICRmin. 
90 
110 
dB 
RS=500 
RS =500 


kSVR 
Supply-voltage 
rejection ratio (tNDD±/<l,VIO) 
VDD 
=4.6Vto16V 
VDD 
= 4.6 V to 16 V 
90 
110 
dB 


'DD 
Supply current 
VO=2.5V, 
No load 
1 
1.5 
mA 


TLC2801Z 
PARAMETER 
TEST CONDITIONS 
UNIT 
MIN 
TYP 
MAX 


SR 
Positive slew rate at unity gain 
Vo = 0.5 V to 2.5 V. 
RL = 10 kfl, 
1.8 
2.5 
V/IlS 
CL = 100 pF 


1= 10 Hz 
18 
Vn 
Equivalent input noise voltage 
1=1 
kHz 
8 
nV/..JHZ 


Peak-to-peak 
equivalent input noise voltage 
1= 0.1 to 1 Hz 
0.5 
VN(PP) 
1=0.ltol0Hz 
0.7 
IlV 


In 
Equivalent input noise current 
0.6 
pAl..JHZ 


Gain-bandwidth 
product 
1= 10 kHz, 
RL = 10 kfl, 
1.8 
MHz 
CL= 
l00pF 


$m 
Phase margin at unity gain 
RL = 10 kfl, 
CL = 100 pF 
45° 


NOTE 4: 
Typical values are based on the input offset voltage shift observed through 168 hours 01operating Iile test at TA = 150°C extrapolated 
to TA = 25°C using the Arrtlenius 
equation and assuming an activation energy 010.96 eV. 
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Voo- 
200 
200 


Figure 
4. Input-Bias 
and Offset- 
Current 
Test Circuit 


typical values 


Typical 
values 
as presented 
in this 
data 
sheet 
represents 
the 
median 
(50% 
point) 
of device 
parametric 
performance. 


input bias and offset current 


At the picoamp 
bias-current 
level typical 
of the TLC2801 
, accurate 
measurement 
of the bias current 
becomes 
difficult. 
Not only does this measurement 
require 
a picoammeter, 
but test socket 
leakages 
can easily 
exceed 
the actual device 
bias currents. 
To measure 
these small currents, 
Texas Instruments 
uses a two-step 
process. 


The socket leakage 
is measured 
using picoammeters 
with bias voltage 
applied 
but with no device in the socket. 


The device 
is then inserted 
in the socket 
and a second 
test measuring 
both the socket 
leakage 
and the device 
input bias current 
is performed. 
The two measurements 
are then subtracted 
algebraically 
to determine 
the bias 
current 
of the device. 
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FIGURE 


liB 
Input bias current 
vs Free-air temperature 
5 


VOM 
Maximum peak output voltage 
vs Free-air temperature 
6 


VOH 
High-level output voltage 
vs Free-air temperature 
7 


VOL 
Low-level output voltage 
vs Free-air temperature 
8 


AVO 
Differential voltage amplification 
vs Free-air temperature 
9 


10S 
Short-circuit 
output current 
vs Free-air temperature 
10 


'DO 
Supply current 
vs Free-air temperature 
11 


SR 
Slew rate 
vs Free-air temperature 
12 


Gain-bandwidth 
product 
vs Free-air temperature 
13 


INPUT BIAS CURRENT 
vs 
FREE-AIR TEMPERATURE 


MAXIMUM PEAK OUTPUT VOLTAGE 
vs 
FREE-AIR TEMPERATURE 


VOO±=±5 
V 
VO=O 
VIC=O 


I 
/ 
V 
V 


VOO±=±5V 
RL=10kn 


o 


-50 
-25 
-6 
-50 
-25 
0 
25 
50 
75 
100 
125 
150 


TA - Free-Air Temperature 
- °C 


o 
25 
50 
75 
100 
125 


TA - Free-Air Temperature - °C 
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HIGH-LEVEL OUTPUT VOLTAGE 
vs 
FREE-AIR TEMPERATURE 


VOO=5V 
RL=10kn 


LOW-LEVEL OUTPUT VOLTAGE 
vs 
FREE-AIR TEMPERATURE 


> 
I 
8.s 
~- 
:> 
Q. 
'5o 
~ 
Gl 
..J 


~ 
0.5 
I..J-? 


o 
-50 
-25 
0 
25 
50 
75 
100 
125 
150 
TA - Free-Air 
Temperature 
- °c 


LARGE·SIGNAL 
DIFFERENTIAL 
VOLTAGE AMPLIFICATION 
vs 
FREE-AIR TEMPERATURE 


80 


-50 
-25 
0 
25 
50 
75 
100 
125 
150 


TA - Free-Air 
Temperature 
- °C 


o 
-50 
-25 
0 
25 
50 
75 
100 
125 
150 


TA - Free-Air 
Temperature 
- °c 


SHORT-CIRCUIT OUTPUT CURRENT 
vs 
FREE·AIR TEMPERATURE 


I 
1 


VOO±=±5 V 
Vo=O 


VID=-100mV 


VID = 100mV -- 
~ 
----- 
- 
~ 


Cl: 
E 
I 
C 
~ 
:>o 
5 
'5 
Q. 
'5o 
':;~u 
~ 
-5 


.s::: 
VI 
I 
VIo -10 


-15 
-50 
-25 
0 
25 
50 
75 
100 
125 
150 


TA - Free-Air 
Temperature 
- °c 
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SUPPLY CURRENT 
vs 
FREE-AIR TEMPERATURE 


1.2 


1.0 
« 
E 
I 
C 
0.8 
~ 
::l0,., 
0.6 
i5. 
Q. 
::l 
UlI 
0.4 
0 
E 


0.2 
Vo=Voo-.J2 
No Load 


0 
-50 
-25 
0 
25 
50 
75 
100 
125 
150 
TA - Free-Air Temperature - °C 


Figure 11 


SLEW RATE 
vs 
FREE-AIR TEMPERATURE 
- 
r -- 
SR- 
- 
SR+ 


VOO±=±5V 
RL=10kfl 
CL = 100 pF 
, 


III 


"-:>I 
~ 
II: 2 
~ 
in 
I 
II: 
Ul 


GAIN-BANDWIDTH 
PRODUCT 
vs 
FREE-AIR TEMPERATURE 


RL= 10 kfl 
CL=100pF 


1 
-50 
-25 
0 
25 
50 
75 
100 
125 
150 
TA - Free-Air Temperature - °C 
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• 
Trimmed Input Offset Voltage: 
10 mV Max at 25°C, Voo = 5 V 


• 
Input Offset Voltage Drift Typically 
0.1 IlVlMonth, 
Including 
the First 30 Days 


• 
Wide Range of Supply Voltages Over 
Specified Temperature Range: 
-40°C to 150°C ... 
4 V to 16 V 


• 
Single-Supply 
Operation 


• 
Common-Mode 
Input Voltage Range 
Extends to the Negative Rail 


• 
Low Noise ... 
25 nV/1HZ Typ at f = 1 kHz 


• 
Output Voltage Range Includes Negative 
Rail 


• 
High Input Impedance ... 
1012 Q Typ 


• 
ESD-Protection 
Circuitry 


• 
Small-Outline 
Package Option Also 
Available in Tape and Reel 


• 
Designed-In Latch-Up Immunity 


description 


The 
TLC2810Z 
dual 
operational 
amplifiers 
combine 
low offset 
voltage 
drift 
with 
high 
input 
impedance, 
low noise, 
and speeds 
approaching 
that of general-purpose 
JFET devices. 
In addition, 


the 
use 
of 
Texas 
Instruments 
silicon-gate 
LinCMOS 
technology 
assures 
offset stability 
that 
greatly 
exceeds 
the 
stability 
available 
with 
conventional 
metal-gate 
processes. 


The high input impedance, 
low bias current, 
and high slew rate make the TLC281 OZ ideal for applications 
that 
have previously 
been reserved 
for JFET and NFET products. 
These advantages, 
in combination 
with an upper 
operating 
temperature 
of 150°C, make the TLC281 OZ an ideal choice for precision, 
extremely 
high-temperature 
applications. 


In general, 
many features 
associated 
with bipolar technology 
are available 
on the TLC281 OZ without 
the power 
penalties 
of bipolar 
technology. 
General 
applications 
such 
as transducer 
interfacing, 
analog 
calculations, 


amplifier 
blocks, 
active filters, 
and signal 
buffering 
are designed 
easily with the TLC281 OZ. 


The TLC2810Z 
package 
options 
include 
a small-outline 
version 
for high-density 
system 
applications. 


The device 
inputs and outputs 
are designed 
to withstand 
-1 OO-mA surge currents 
without 
sustaining 
latch-up 
at 25°C. The TLC281 OZ incorporates 
internal 
ESD-protection 
circuits that prevent functional 
failures 
at voltages 
up to 2000 V as tested 
under MIL-STD 
883C, Method 
3015.2. 
However, 
care should 
be exercised 
in handling 
the TLC2810Z 
as exposure 
to ESD 
may 
result 
in the degradation 
of the device 
parametric 
performance. 


Additional 
care should 
be exercised 
to prevent 
VDD supply 
line transients 
under power conditions. 
Transients 
of greater 
than 20 V can trigger 
the ESD-protection 
structure, 
inducing 
a low-impedance 
path to GND. Should 
this condition 
occur, the sustained 
current 
supplied 
to the device 
must be limited to 100 mA or less. Failure to 
do so can result in a latched 
condition 
and device 
failure. 


o OR P PACKAGE 
(TOP VIEW) 


lOUTu 


8 
VDD 
11N- 
2 
7 
20UT 
11N+ 
3 
6 
21N- 
GND 
4 
5 
21N+ 


PACKAGED 
DEVICES 
CHIP 
TA 
SMALL 
OUTLINE 
PLASTIC 
DIP 
FORM 
(D)t 
(P) 
(V) 


- 40°C to 150°C 
TLC2810ZD 
TLC2810ZP 
TLC2810Y 


t The 0 packages are available taped and reeled. Add R suffix to the device type when 
ordering (e.g., TLC2810ZDR). 


PRODUCTION 
DATA information 
Is current 
as of publication 
date. 


Product. 
conform 
to specifications 
per the terms 
of Texas 
Instruments 


standard 
warranty. 
Production 
processing 
does 
not necessarily 
include 


testing 
of all parameters. 
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TLC2810Y 
chip information 


This chip, when properly assembled, displays characteristics similar to the TLC281OZ.Thermal compression 
or ultrasonic bonding may be used on the doped-aluminum bonding pads. Chips may be mounted with 
conductive epoxy or a gold-silicon preform. 


11N+ 
(3) 


(2) 
11N- 


21N+ 
(5) 


21N- 
(6) 


CHIP THICKNESS: 
15 TYPICAL 


BONDING 
PADS: 4 x 4 MINIMUM 


TJmax = 165°C 


TOLERANCES 
ARE ±10%. 


ALL DIMENSIONS 
ARE IN MILS. 


PIN (4) IS INTERNALLY 
CONNECTED 
TO BACKSIDE 
OF CHIP. 
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Transistors 
26 
Diodes 
4 
Resistors 
14 
Capacitors 
2 
t Includes both amplifiers 
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absolute 
maximum 
ratings 
over operating 
free-air temperature 
(unless 
otherwise 
noted)t 


Supply voltage, VDD (see Note 1) 
16 V 
Differential input voltage, VID (see Note 2) 
±VDD 
Input voltage range, VI (any input) 
-0.3 V to VDD 
Input current, II 
±2 mA 
Output current, 10 (each output) 
±30 mA 
Total current into VDD 
45 mA 
Total current out of GND 
45 mA 
Duration of short-circuit current at (or below) TA = 25°C (see Note 3) 
unlimited 
Continuous total dissipation 
See Dissipation Rating Table 
Operating free-air temperature range, TA 
-40°C to 150°C 
Storage temperature range 
-65°C to 165°C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds 
260°C 


t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only. and 


functional operation of the device at these or any other conditions 
beyond those indicated under "recommended 
operating conditions" 
is not 
implied. Exposure to absolute-maximum-rated 
conditions for extended periods may affect device reliability. 


NOTES: 
1. 
All voltage values, except differential voltages, are with respect to network ground. 
2. 
Differential voltages are at IN+ with respect to IN-. 
3. 
The output may be shorted to either supply. Temperature 
and/or supply voltages must be limited to ensure that the maximum 
dissipation 
rating is not exceeded (see application selection). 


DISSIPATION 
RATING TABLE 


PACKAGE 
TA,,25°C 
DERATING 
FACTOR 
TA=70°C 
TA = 105°C 
TA = 125°C 
TA = 150°C 
POWER RATING 
ABOVE TA = 25°C 
POWER RATING 
POWER RATING 
POWER RATING 
POWER RATING 


D 
812mV 
5.8mW/oC 
551 mW 
348mW 
232mW 
87mW 


p 
1120mV 
8.0mW/oC 
760mW 
480mW 
320mW 
120mW 


MIN 
MAX 
UNIT 


Supply voltage, VDD 
4 
16 
V 


Common-mode 
input voltage, VIC 
IVDD = 5 V, 
TA = 25°C 
-0.2 
3.5 
V 


Input voltage, VI 
IVDD = 5 V 
-0.2 
3.5 
V 


Operating free-air temperature, 
TA 
-40 
150 
°C 
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TAt 
TLC2810Z 
PARAMETER 
TEST CONDITIONS 
UNIT 
MIN 
TYP 
MAX 


Vo = 1 V, 
VIC=l 
V, 
25°C 
1.8 
10 
VIO 
Input offset voltage 
mV 
RS=50n. 
RL= 
10kn 
Full range 
12 


Average temperature 
coefficient of input offset voltage 
25°C to 
3.5 
IlV/oC 
aVIO 
150°C 


25°C 
2.4 
100 
pA 
110 
Input offset current (see Note 4) 
VIC= 
1 V, 
VO=l 
V 
150°C 
5.2 
30 
nA 


25°C 
7 
100 
pA 
liB 
Input bias current (see Note 4) 
VIC= 
1 V, 
VO=l 
V 
150°C 
50 
150 
nA 


-0.2 
-0.3 
25°C 
to 
to 
V 
4 
4.2 
VICR 
Common-mode 
input voltage range (see Note 5) 
RS=SOil 
-0.2 
Full range 
to 
V 
3.8 


VIC= 
1 V, 
25°C 
3.2 
3.8 
VOH 
High-level output voltage 
VIO = 100 mV, 
V 
10H =-1 
mA 
Full range 
3 


VIC= 
1 V, 
25°C 
80 
150 
VOL 
Low-level output voltage 
Vlo=-loomV, 
mV 
10L= 
1 mA 
Full range 
190 


VIC= 
1 V, 
25°C 
5 
25 
AVO 
Large-signal differential voltage amplification 
VO=0.25Vt02V, 
V/mV 
RL=10kn 
Full range 
4 


VO=l 
V, 
25°C 
65 
90 
CMRR 
Common-mode 
rejection ratio 
VIC = VICRmin, 
dB 
RS=SOil 
Full range 
60 


VOO=4Vto16V, 
25°C 
65 
75 
kSVR 
Supply-voltage 
rejection ratio (dVOO IdVIO) 
VO=l 
V, 
VIC= 
1 V, 
dB 
RS=50il 
Full range 
60 


VO=l 
V, 
VIC=l 
V, 
25°C 
1 
3.2 
100 
Supply current 
No load 
mA 
Full range 
4.4 
t Full range is -40°C 
to 150°C. 
NOTES: 
4. 
The typical values of input bias current and input offset current below 5 pA were determined 
mathematically. 


5. 
This range also applies to each input individually. 
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TLC2810Z 
PARAMETER 
TEST CONDITIONS 
TA 
MIN 
TYP 
MAX 
UNIT 


25°C 
3.6 
RL=10kn, 
VI(PP)= 
1 V 
150°C 
2.8 
SR 
Slew rate at unity gain 
CL = 20 pF, 
V/IJS 
See Figure 26 
25°C 
2.2 
VI(PP) = 2.5 V 
150°C 
2.1 


Vn 
Equivalent input noise voltage 
1=1 kHz, 
RS =20 n, 
25°C 
25 
nV/..J"RZ 
See Figure 27 


VO=VOH, 
CL = 20 pF, 
25°C 
320 
BOM 
Maximum output-swing 
bandwidth 
kHz 
RL= 
10kn, 
See Figure 26 
150°C 
200 


VI = 10mV, 
CL =20 pF. 
25°C 
1.7 
B1 
Unity-gain bandwidth 
MHz 
See Figure 28 
150°C 
0.8 


VI = 10mV. 
1 =81. 
25°C 
46° 


<Pm 
Phase margin 
CL = 20 pF, 
See Figure 28 
150°C 
40° 
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TLC2810Y 
PARAMETER 
TEST CONDITIONS 
UNIT 
MIN 
TYP 
MAX 


VIO 
Input offset voltage 
10 
mV 


110 
Input offset current (see Note 4) 
VIC= 
1 V, 
VO=l 
V, 
100 
pA 
RS =500 
liB 
Input bias current (see Note 4) 
100 
pA 


-0.2 


VICR 
Common-mode 
input voltage range (see Note 5) 
RS= 500 
to 
V 
4 


VOH 
High-level output voltage 
VIC= 
1 V, 
VIO = 100 mV, 
3.2 
V 
10H=-1 
mA 


VOL 
Low-level output voltage 
VIC= 
1 V, 
VID = -100 
mY, 
150 
mV 
10L= 1 mA 


AVO 
Large-signal differential voltage amplification 
Vo = 0.25 V to 2 V, 
RL = 10 Iill, 
5 
V/mV 
VIC= 
1 V 


CMRR 
Common-mode 
rejection ratio 
VO=l 
V, 
VIC = VICRmin, 
65 
dB 
RS =500 


kSVR 
Supply-voltage 
rejection ratio (,<,VOD±/,<,VIO) 
VOO = 4 V to 16 V, 
VIC= 
1 V, 
65 
dB 
VO=l 
V, 
RS = 50 0 


100 
Supply current 
VO=l 
V, 
VIC= 
1 V, 
3.2 
mA 
No load 


NOTES: 
4. 
The typical values of Input bias current and input offset current below 5 pA were determined 
mathematically. 
5. 
This range also applies to each input individually. 


TLC2810Y 
PARAMETER 
TEST CONDITIONS 
UNIT 
MIN 
TYP 
MAX 


RL=10kQ, 
VI(PP) = 1 V 
3.6 
SR 
Slew rate at unity gain 
CL = 20 pF, 
V/v.s 
See Figure 26 
VI(PP) = 2.5 V 
2.9 


Vn 
Equivalent input noise voltage 
f=l 
kHz, 
RS =20 n, 
25 
nV/-JHZ 
See Figure 27 


BOM 
Maximum output-swing 
bandwidth 
VO=VOH, 
CL = 20 pF, 
320 
kHz 
RL = 10 kO, 
See Figure 26 


Bl 
Unity-gain bandwidth 
VI=10mV, 
CL = 20 pF, 
1.7 
MHz 
See Figure 28 


<l>m 
Phase margin 
VI=10mV, 
f =Bl, 
460 


CL = 20 pF, 
See Figure 28 
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Figure 20 
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single-supply versus split-supply test circuits 


Because 
the TLC281 OZ is optimized 
for single-supply 
operation, 
circuit configurations 
used for the various tests 
often 
present 
some 
inconvenience 
since the input signal, 
in many 
cases, 
must 
be offset 
from 
ground. 
This 


inconvenience 
can be avoided 
by testing the device with split supplies 
and the output 
load tied to the negative 
rail. A comparison 
of single-supply 
and split-supply 
test circuits 
is shown 
below. The use of either circuit gives 
the same 
result. 
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Figure 27. Noise-Test Circuit 
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Figure 28. Gain-of-100 Inverting Amplifier 
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input bias current 


Because 
of the high input impedance 
of the TLC281 OZ operational 
amplifier, 
attempts 
to measure 
the input bias 
current 
can result in erroneous 
readings. 
The bias current 
at normal 
ambient 
temperature 
is typically 
less than 


1 pA, a value that is easily 
exceeded 
by leakages 
on the test socket. 
Two suggestions 
are offered 
to avoid 
erroneous 
measurements: 


1. 
Isolate the device 
from other potential 
leakage 
sources. 
Use a grounded 
shield around 
and between 
the 
device 
inputs 
(see Figure 29). Leakages 
that would 
otherwise 
flow to the inputs are shunted 
away. 


2. 
Compensate 
for the leakage 
of the test socket 
by actually 
performing 
an input bias current 
test (using a 
picoammeter) 
with no device 
in the test socket. 
The actual 
input bias current 
can then be calculated 
by 
subtracting 
the open-socket 
leakage 
readings 
from the readings 
obtained 
with a device 
in the test socket. 


One word of caution: 
many automatic 
testers 
as well as some bench-top 
operational 
amplifier 
testers 
use the 
servo-loop 
technique 
with a resistor 
in series with the device input to measure 
the input bias current 
(the voltage 
drop across 
the series 
resistor 
is measured 
and the bias current 
is calculated). 
This method 
requires 
that a 
device be inserted 
into a test socket to obtain a correct 
reading: therefore, 
an open-socket 
reading 
is not feasible 
using this method. 


Q Q Q 


Q Q Q 


4 


Figure 29. Isolation Metal Around Device Inputs (P package) 


To obtain 
low-supply-voltage 
operation, 
some compromise 
is necessary 
in the input stage. 
This compromise 
results 
in the device 
low-level 
output 
being dependent 
on both the common-mode 
input voltage 
level as well 
as the differential 
input voltage 
level. When attempting 
to correlate 
low-level 
output readings 
with those quoted 


in the electrical 
specifications, 
these two conditions 
should 
be observed. 
If conditions 
other than these 
are to 
be used, please 
refer to the Typical 
Characteristics 
of this data sheet. 


input offset voltage temperature 
coefficient 


Erroneous 
readings 
often result from attempts 
to measure 
temperature 
coefficient 
of input offset voltage. 
This 
parameter 
is actually 
a calculation 
using 
input 
offset 
voltage 
measurements 
obtained 
at 
two 
different 
temperatures. 
When one (or both) of the temperatures 
is below·freezing, 
moisture 
can collect on both the device 
and the test socket. 
This moisture 
results 
in leakage 
and contact 
resistance 
that can cause 
erroneous 
input 
offset voltage 
readings. 
The isolation 
techniques 
previously 
mentioned 
have no effect on the leakage 
since the 
moisture 
also 
covers 
the 
isolation 
metal 
itself, 
thereby 
rendering 
it useless. 
It is suggested 
that 
these 
measurements 
be performed 
at temperatures 
above 
freezing 
to minimize 
error. 


fUll-power 
response 


FUll-power 
response, 
the frequency 
above 
which 
the operational 
amplifier 
slew rate limits the output 
voltage 
swing, 
is often 
specified 
two ways: 
full-linear 
response 
and full-peak 
response. 
The full-linear 
response 
is 
generally 
measured 
by monitoring 
the distortion 
level of the output while increasing 
the frequency 
of a sinusoidal 
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full-power 
response 
(continued) 


input signal until the maximum frequency above which the output contains significant distortion is found. The 
full-peak response is defined as the maximum output frequency, without regard to distortion, above which full 
peak-to-peak output swing cannot be maintained. 


Because there is no industry-wide accepted value for significant distortion, the full-peak response is specified 
in this data sheet and is measured using the circuit of Figure 26. The initial setup involves the use of a sinusoidal 
input to determine the maximum peak-to-peak output of the device (the amplitude of the sinusoidal wave is 
increased until clipping occurs). The sinusoidal wave is then replaced with a square wave of the same 
amplitude. The frequency isthen increased untilthe maximum peak-to-peak output can no longer be maintained 
(Figure 30). A square wave is used to allow a more accurate determination of the point at which the maximum 
peak-to-peak output is reached. 
A 


Inadequate test time is a frequent problem, especially when testing CMOS devices in a high-volume, 
short-test-time environment. Internal capacitances are inherently higher in CMOS than in bipolar and BiFET 
devices; hence, CMOS devices require longer test times than their bipolar and BiFET counterparts. The 
problem becomes more pronounced with reduced power supply levels and lower temperatures. 
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single-supply operation 
While 
the 
TLC2810Z 
performs 
well 
using 
dual-power supplies (also called balanced or split 
supplies), the design is optimized for single- 
supply operation. This includes an input common- 
mode voltage range that encompasses ground as 
well as an output voltage range that pulls down to 
ground. The supply voltage range extends down 
to 4 V, thus allowing operation with supply levels 
commonly available for TTL and CMOS. 


Many single-supply applications require that a 
voltage be applied to one input to establish a 
reference level that is above ground. This virtual 
ground 
can 
be 
generated 
using 
two 
large 
resistors, but a preferred technique is to use a 
virtual ground generator such as the TLE2426 (see Figure 31). The TLE2426 supplies an accurate voltage equal 
to Voo/2, while consuming very little power and is suitable for supply voltages of greater than 4 V. 


The TLC2810Z works well in conjunction with digital logic. However, when powering both linear devices and 
digital logic from the same power supply, the following precautions are recommended: 


1. 
Power the linear devices from separate bypassed supply lines (see Figure 32). Otherwise, the linear 
device supply rails can fluctuate due to voltage drops caused by high switching currents in the digital logic. 


2. 
Use proper bypass techniques to reduce the probability of noise-induced errors. Single capacitive 
decoupling is often adequate. However, RC decoupling may be necessary in high-frequency applications. 


Figure 31. Inverting Amplifier 
With Voltage 
Reference 


(b) SEPARATE 
BYPASSED 
SUPPLY RAILS (preferred) 


Figure 32. Common Versus Separate Supply Rails 
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input characteristics 


The TLC281 OZis specified with a minimum and a maximum input voltage that, if exceeded at either input, could 
cause the device to malfunction. Exceeding this specified range is a common problem, especially in 
single-supply operation. The lower range limit includes the negative rail, while the upper range limit is specified 
at Voo -1 Vat TA = 25°C and at Voo- 
1.2 V at all other temperatures. 


The use of the polysilicon-gate process and the careful input circuit design give the TLC281 OZvery good input 
offset voltage drift characteristics relative to conventional metal-gate processes. Offset voltage drift in CMOS 
devices is influenced by threshold voltage shifts caused by polarization of the phosphorus dopant implanted 
in the oxide. Placing the phosphorus dopant in a conductor (such as a polysilicon gate) alleviates the 
polarization problem, thus reducing threshold voltage shifts by more than an order of magnitude. The offset 
voltage drift with time has been calculated to be typically 0.1 !lV/month, including the first month of operation. 


Because of the extremely high input impedance and resulting low-bias current requirements, the TLC281 OZis 
well suited for low-level signal processing; however, leakage currents on printed-circuit boards and sockets can 
easily exceed bias-current requirements and cause a degradation in device performance. It is good practice 
to include guard rings around inputs (similar to those of Figure 29 in the Parameter Measurement Information 
section). These guards should be driven from a low-impedance source at the same voltage level as the 
common-mode input (see Figure 33). 


Unused amplifiers should be connected as grounded voltage followers to avoid possible oscillation. 


noise performance 


The noise specifications in operational amplifier circuits are greatly dependent on the current in the first-stage 
differential amplifier. The low input bias current requirements of the TLC2810Z results in a very low noise 
current, which is insignificant in most applications. This feature makes the devices especially favorable over 
bipolar devices when using values of circuit impedance greater than 50 kQ since bipolar devices exhibit greater 
noise currents. 
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Operational 
amplifier 
circuits 
nearly 
always 
employ feedback and, since feedback is the first 
prerequisite 
for oscillation, 
a little caution 
is 
appropriate. Most oscillation problems result from 
driving capacitive loads and ignoring stray input 
capacitance. A small-value capacitor connected 
in parallel with the feedback resistor is an effective 
remedy 
(see 
Figure 34). The value 
of this 
capacitor is optimized empirically. 
Figure 34. Compensation for Input 
Capacitance 
electrostatic 
discharge 
protection 


The TLC281 OZincorporates an internal electrostatic discharge (ESD) protection circuit that prevents functional 
failures at voltages up to 2000 V as tested under MIL-STD-883C, Method 3015.2. Care should be exercised, 
however, when handling these devices, as exposure to ESD may result in the degradation of the device 
parametric performance. The protection circuit also causes the input bias currents to betemperature dependent 
and have the characteristics of a reverse-biased diode. 


latch-up 


Because CMOS devices are susceptible to latch-up due to their inherent parasitic thyristors, the TLC2810Z 
inputs and outputs are designed to withstand -1 OO-mAsurge currents without sustaining latch-up; however, 
techniques should be used to reduce the chance of latch-up whenever possible. Internal protection diodes 
should not by design be forward biased. Applied input and output voltages should not exceed the supply voltage 
by more than 300 mY. Care should be exercised when using capacitive coupling on pulse generators. Supply 
transients should be shunted by the use of decoupling capacitors (0.1 llF typical) located across the supply rails 
as close to the device as possible. 


The current path established if latch-up occurs is usually between the positive supply rail and ground and can 
be triggered by surges on the supply lines and/or voltages on either the output or inputs that exceed the supply 
voltage. Once latch-up occurs, the current flow is limited only by the impedance of the power supply and the 
forward resistance of the parasitic thyristor and usually results in the destruction of the device. The chance of 
latch-up occurring increases with increasing temperature and supply voltages. 
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output characteristics 


The output stage of the TLC281OZis designed to 
sink and source relatively high amounts of current 
(see Typical Characteristics). 
If the output is 
subjected to a short-circuit condition, this high- 
current 
capability 
can cause device damage 
under certain conditions. Output current capability 
increases with supply voltage. 


Although 
the TLC2810Z 
possesses 
excellent 
high-level output voltage and current capability, 
methods are available for boosting this capability 
if needed. The simplest method involves the use 
of a pullup resistor (Rp) connected from the output 
to the positive supply rail (see Figure 35). There 
are two disadvantages to the use of this circuit. 
First, the NMOS pulldown transistor, N4 (see 
equivalent schematic), must sink a comparatively 
large amount of current. Inthis circuit, N4 behaves 
like 
a 
linear 
resistor 
with 
an 
on-resistance 
between 
approximately 
60 
nand 
180 
n, 


depending on how hard the operational amplifier 
input is driven. With very low values of Rp, a 
voltage offset from 0 V at the output occurs. 
Secondly, pullup resistor Rp acts as a drain load 
to N4, and the gain of the operational amplifier is 
reduced at output voltage levels where N5 is not 
supplying the output current. 


All operating characteristics of the TLC281OZare measured using a 20-pF load. The devices can drive higher 
capacitive loads; however, as output load capacitance increases, the resulting response pole occurs at lower 
frequencies, thereby causing ringing, peaking, or even oscillation (see Figure 37). In many cases, adding some 
compensation in the form of a series resistor in the feedback loop alleviates the problem. 


VDD - Vo 
R 
=---- 
P 
IF + IL + Ip 


Ip = Pullup 
Current 
Required 
by the 
Operational 
Amplifier 
(typically 
500 ~) 


TA=25°C 
f = 1 kHz 
VI(PP)= 
1 V 


(b) CL = 130 pF, RL = NO LOAD 


Figure 37. Effect of Capacitive Loads 
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The 
TLC2872Z 
is 
a 
dual 
rail-to-rail 
output 
operational amplifier manufactured using Texas 
Instruments 
Advanced 
LinCMOSTt.1 process. 
These devices offer comparable ac performance 
while having better noise, input offset voltage 
and 
power 
dissipation 
than 
existing 
CMOS 
operational amplifiers. In addition, the common- 
mode input voltage range is wider than typical 
standard 
CMOS 
type 
amplifiers. 
To 
take 
advantage of this improvement in performance, 
making this device available for a wider range of 
applications, 
VieR 
is specified with a larger 
maximum input offset voltage test limit of ±5 mV. 
The 
Advanced 
LinCMOSTt.1process 
uses 
a 
silicon-gate technology to obtain input offset voltage stability with temperature and time that far exceeds that 
obtainable using metal-gate technology. Also, this technology makes possible input impedance levels that meet 
or exceed levels offered by top-gate JFET and expensive dielectric-isolated devices. 


• 
Free-Air Operating Temperature 
-40°C to 150°C 


• 
Output SWing Includes Both Supply Rails 


• 
Low Noise •.. 
9 nV/'i'Hi Typ at f = 1 kHz 


• 
Low Input Bias Current ... 
1 pA Typ 


• 
Common-Mode 
Input Voltage Range 
Includes Negative Rail 


• 
High Unity-Gain Bandwidth 
... 
2.2 MHz Typ 


• 
High Slew Rate •.. 
3.6 V/Jl.STyp 


• 
Low Input Offset Voltage 
300 Jl.VTyp at TA = 25°C 


• 
Macromodel 
Included 


TLC2872Z,TLC2872Y 
Advanced 
LinCMOSTM RAIL- TO-RAIL 
DUAL OPERATIONAL AMPLIFIERS 
SLOSl17 
- OCTOBER 
1992 


o OR P PACKAGE 
(TOP VIEW) 


10UT[]8 
VOO+ 
11N- 
2 
7 
20UT 
11N+ 3 
6 
21N- 
Voo_/GND 4 
5 
21N+ 


MAXIMUM OUTPUT VOLTAGE 
vs 
SUPPLY VOLTAGE 


8 
10 
12 


VDD - Supply 
Voltage 
- V 


The TLC2872Z, manufactured using Texas Instruments high-temperature process flow, allows extended 
temperature operation up to 150°C in a plastic package. This adds extra reliability at the extended temperature 
and reduces the need for expensive hermetically sealed ceramic packages. 


The TLC2872Z, which exhibits high input impedance and low noise, is excellent for small signal conditioning 
of high impedance sources, such as piezoelectric transducers. In addition, the rail-to-rail output feature with 
single or split supplies makes this device a great choice for inputs to ADCs in either the unipolar or bipolar mode 
of operation. This feature, combined with its temperature performance, makes the TLC2872Z ideal for 
sonobuoys, pressure sensors, temperature controls, active VR sensors, accelerometers, and many other 
applications. 


PACKAGED 
DEVICES 


TA 
Vlomax 
CHIP FORM 
AT 25°C 
SMALL 
OUTLINE 
PLASnCDIP 
M 
(D) 
(P) 


-40°C 
to 150°C 
2.5mV 
TLC2872Z0 
TLC2872ZP 
TLC2872Y 
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description 
(continued) 


The inputs and outputs of this device are designed to withstand 100-mA surge current without sustaining 
latch-up. In addition, internal ESD-protection circuits prevent functional failures up to 2000 V. The device is 
characterized for operation over the extended (Z) temperature range of -40°C to 150°C. 


TLC2872Y chip information 


This chip, when properly assembled, displays characteristics similar to TLC2872Z. Thermal compression or 
ultrasonic bonding may be used on the doped-aluminum bonding pads. Chips may be mounted with conductive 
epoxy or a gold-silicon preform. 


11N+ 
(3) 


(2) 
10UT 
11N- 


21N+ 
20UT 
(6) 
21N- 


CHIP THICKNESS: 
15 TYPICAL 


BONDING 
PADS: 4 x 4 MINIMUM 


TJ max = 150°C 


TOLERANCES 
ARE ±10%. 


ALL DIMENSIONS 
ARE IN MILS. 


PIN (4) IS INTERNALLY 
CONNECTED 
TO BACKSIDE 
OF CHIP. 
56 
~ 


1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'I' 
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Transistors 
38 
Diodes 
9 
Resistors 
26 
Capacitors 
3 
t Includes both amplifiers 
and all 
ESD. bias, and trim circuitry. 
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absolute 
maximum 
ratings over operating 
free-air temperature 
range (unless otherwise 
noted)t 


Supply voltage, Voo+ 
8 V 
Supply voltage, Voo- 
-8 V 
Differential input voltage, VID (see Note 1) 
±16 V 
Input voltage range, VI (any input, see Note 2) 
±8 V 
Input current, II (each input) 
±5 mA 
Output current, 10 
±50 mA 
Total current into VOO+ 
±50 mA 
Total current out of Voo- 
±50 mA 
Duration of short-circuit current at (or below) 25°C (see Note 3) 
unlimited 
Continuous total dissipation 
See Dissipation Rating Table 
Operating free-air temperature range, TA 
-40°C to 150°C 
Storage temperature range 
-65°C to 165°C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds 
260°C 
t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional 
operation of the device at these or any other conditions beyond those indicated under "recommended 
operating conditions" 
is not 
implied. Exposure to absolute-maximum-rated 
conditions for extended periods may affect device reliability. 
NOTES: 
1. 
Differential voltages are at IN+ with respect to IN-. 
Excessive current will flow if input is brought below VDD- 
- 0.3 V. 


2. 
All voltage values, except differential voltages, are with respect to the midpoint between VDD+ 
and VDD-. 


3. 
The output may be shorted to either supply. Temperature 
and/or supply voltages must be limited to ensure that the maximum 
dissipation 
rating is not exceeded. 


DISSIPATION 
RATING TABLE 


PACKAGE 
TAS25°C 
DERATING FACTOR 
TA = 70°C 
TA = 105°C 
TA = 125°C 
TA = 150°C 
POWER RATING 
ABOVE TA = 25°C 
POWER RATING 
POWER RATING 
POWER RATING 
POWER RATING 


D 
812mW 
5.8mW/oC 
551 mW 
348mW 
232mW 
87mW 
p 
1120mW 
8 mW/oC 
760mW 
480mW 
320mW 
120mW 


MIN 
MAX 
UNIT 


Supply voltage, VDD± 
±2.2 
±8 
V 


Input voltage range, VI 
vDD- 
VDD+-1.5 
V 


Common-mode 
input voltage, vlC 
VDD- 
VDD+-1.5 
V 


Operating free-air temperature, 
TA 
-40 
150 
°c 
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TAt 
TLC2872Z 
PARAMETER 
TEST CONDITIONS 
UNIT 
MIN 
TYP 
MAX 


25°C 
300 
2500 
VIO 
Input offset voltage 
Full range 
3000 
~V 


Temperature coefficient of input offset 
25°C 
2 
~V/oC 
aVIO 
voltage 
to 150°C 


Input offset voltage long-term drift 
VDD± = ±2.5 V, 
VIC=O, 
25°C 
0.002 
~V/mo 
(see Note 4) 
VO=O, 
RS=50'1 


25°C 
0.0005 
110 
Input offset current 
nA 
Full range 
3 


25°C 
0.001 
liB 
Input bias current 
nA 
Full range 
5 


0 
-0.3 
25°C 
to 
to 
4 
4.2 
VICR 
Common-mode 
input voltage range 
RS=50'1, 
IV101:55mV 
V 
0 
Full range 
to 
3.5 


IOH=-20~ 
25°C 
4.95 
4.99 


25°C 
4.85 
4.93 


VOH 
High-level output voltage 
IOH=-2oo~ 
Full range 
4.75 
V 


25°C 
4.25 
4.65 
IOH=-1 
mA 
Full range 
4.25 


VIC =2.5 V, 
10L= 
50~ 
25°C 
0.01 
0.02 


25°C 
0.09 
0.15 


VOL 
Low-level output voltage 
VIC=2.5 
V, 
10L= 
5OO~ 
Full range 
0.2 
V 


25°C 
0.9 
1.5 
VIC =2.5 V, 
10L= 
5 mA 
Full range 
2 


RL = 10 k'1t 
25°C 
15 
35 


AVD 
Large-signal differential voltage 
VIC =2.5 V, 
Full range 
10 
V/mV 
amplification 
VO=1Vt04V 
RL= 1 M'1t 
25°C 
175 


rid 
Differential input resistance 
25°C 
1012 
n 


r; 
Common-mode 
input resistance 
25°C 
1012 
n 


ci 
Common-mode 
input capacitance 
f=10kHz, 
P package 
25°C 
8 
pF 


Zo 
Closed-loop 
output impedance 
f= 1 MHz, 
AV= 
10 
25°C 
140 
'1 


VIC = 0 to 2.7 V, 
VO=2.5V, 
25°C 
70 
75 
CMRR 
Common-mode 
rejection ratio 
dB 
RS= 50'1 
Full range 
70 


Supply voltage rejection ratio 
VDD= 
4.4Vt016V, 
VIC =VDD/2, 
25°C 
80 
95 
kSVR 
dB 
(6VDD/6VI0) 
No load 
Full range 
80 


25°C 
2.2 
3 
IDD 
Supply current 
VO=2.5V, 
No load 
mA 
Full range 
3 
t Full range is -40°C 
to 150°C. 
t Referenced to 2.5 V 
NOTE 4: 
Typical values are based on the input offset voltage shift observed through 168 hours of operating life test at TA = 150°C extrapolated 
to TA = 25°C using the Arrhenius equation and assuming an activation energy of 0.96 eV. 
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TAt 
TLC2872Z 
PARAMETER 
TEST CONDITIONS 
UNIT 
MIN 
TYP 
MAX 


VA = 0.5 V to 2.5 V, 
RL= 
10 kn:!:, 
25°C 
2.3 
3.6 
SR 
Slew rate at unity gain 
VIJls 
CL = 100 pF:I: 
Full range 
1.1 


f= 10 Hz 
25°C 
50 
Vn 
Equivalent input noise voltage 


f= 1 kHz 
25°C 
nVIVHZ 
9 


VN(PP) 


Peak-to-peak 
equivalent input noise 
f= 0.1 to 1 Hz 
25°C 
1 


voltage 
f = 0.1 to 10 Hz 
25°C 
1.4 
JlV 


In 
Equivalent input noise current 
25°C 
0.6 
fAlVHZ 


Va = 0.5 V to 2.5 V, 
Av= 
1 
0.0013% 


THO + N 
Total harmonic distortion plus noise 
f = 20 kHz, 
AV= 
10 
25°C 
0.004% 


RL= lOkQ:I: 
AV= 
100 
0.03% 


Gain-bandwidth 
product 
f= 10 kHz, 
RL= 
10kQ:I:, 
25°C 
2.18 
MHz 
CL = 100 pF:I: 


BOM 
Maximum output-swing 
bandwidth 
VO(PP) = 2 V, 
AV= 
1, 
25°C 
1 
MHz 
RL= 10 kQ:I:, 
CL = 100 pF:I: 


AV=-1, 
TOO.1% 
25°C 
1.5 


Settling time 
Step = 0.5 V to 2.5 V, 
Jls 
RL = 10 kQ:I:, 
CL = 100 pF:I: 
To 0.01% 
2.6 


<l>m 
Phase margin at unity gain 
RL= 
10 kQ:!:, 
CL = 100 pF:!: 
25°C 
50° 


Gain margin 
25°C 
10 
dB 
t Full range is -40°C 
to 150°C. 


:I:Referenced to 2.5 V 
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TLC2872Y 
PARAMETER 
TEST CONDITIONS 
MIN 
TYP 
MAX 
UNIT 


VIO 
Input offset voltage 
300 
2500 
~V 


Input offset voltage long-term drift (see Note 4) 
VIC=O, 
VO=O, 
0.002 
~V/mo 


110 
Input offset current 
RS = 50Q 
0.0005 
nA 


liB 
Input bias current 
0.001 
nA 


0 
-0.3 
to 
to 
4 
4.2 
VICR 
Common-mode 
input voltage range 
RS= 50Q, 
IV'OIs;5mV 
V 
0 
to 
3.5 


IOH=-20~ 
4.95 
4.99 


VOH 
High-level output voltage 
IOH =-200~ 
4.85 
4.93 
V 


IOH =-1 
mA 
4.25 
4.65 


VIC= 
2.5 V, 
10L= 
50~ 
0.01 
0.02 


VOL 
Low-level output voltage 
VIC=2.5 
V, 
10L= 
500~A 
0.09 
0.15 
V 


VIC=2.5V, 
10L= 
5 mA 
0.9 
1.5 


VIC=2.5 
V, 
I RL = 10 kQt 
15 
35 
AVO 
Large-signal differential voltage amplification 
V/mV 
VO= 
1 Vt04 
V 
I RL= 1 MQt 
175 


qd 
Differential input resistance 
1012 
Q 


ri 
Common-mode 
input resistance 
1012 
Q 


ci 
Common-mode 
input capacitance 
f = 10 kHz, 
P package 
8 
pF 


zo 
Closed-loop 
output impedance 
f= 1 MHz, 
AV= 
10 
140 
Q 


CMRR 
Common-mode 
rejection ratio 
VIC=Ot02.7V, 
VO=2.5V, 
70 
75 
dB 
RS=50Q 


kSVR 
Supply voltage rejection ratio (LWOO± It,VIO) 
VOO = 4.4 V to 16 V, 
VIC=VOO/2, 
80 
95 
dB 
No load 


100 
Supply current 
Vo = 2.5 V, 
No load 
2.2 
3 
mA 
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TLC2872Y 
PARAMETER 
TEST CONDITIONS 
UNIT 
MIN 
TYP 
MAX 


SR 
Slew rate at unity gain 
Va = 0.5 V to 2.5 V, 
RL = 10 knt, 
2.3 
3.6 
V/IJS 
CL = 100 pFt 


1= 10 Hz 
50 
Vn 
Equivalent input noise voltage 
1= 1 kHz 
nV/VHZ 
9 


1= 0.1 to 1 Hz 
1 
VN(PP) 
Peak-to-peak 
equivalent input noise voltage 
1= 0.1 to 10 Hz 
1.4 
l!V 


In 
Equivalent input noise current 
0.6 
IAlVHZ 


Va = 0.5 V to 2.5 V, 
Av= 
1 
0.0013% 


THO + N 
Total harmonic distortion plus noise 
1=20 
kHz, 
AV= 
10 
0.004% 


RL=10knt 
AV= 
100 
0.03% 


Gain-bandwidth 
product 
1= 10 kHz, 
RL = 10 kflt, 
2.18 
MHz 
CL = 100 pFt 


BOM 
Maximum output-swing 
bandwidth 
VO(PP) = 4.6 V, 
AV= 
1 
1 
MHz 
RL= 
10 knt, 
CL = 100 pFt 


AV=-1, 
ToO.1% 
1.5 


Settling time 
Step = 0.5 V to 2.5 V, 
l!s 
RL = 10 knt, 
CL = 100 pFt 
To 0.01% 
2.6 


<t>m 
Phase margin at unity gain 
RL = 10 knt, 
CL = 100 pFt 
500 


Gain margin 
10 
dB 
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FIGURE 


Via 
Input offset voltage 
Distribution 
1 


aVIO 
Input offset voltage temperature 
coefficient 
Distribution 
2 


11s/110 
Input bias and offset currents 
vs Free-air temperature 
3 


VI 
Input voltage range 
vs Free-air temperature 
4 


VOH 
High-level output voltage 
vs Output current 
5 


VOL 
Low-level output voltage 
vs Output current 
6,7 


VOM 
Maximum output voltage 
vs Frequency 
8 


10S 
Short-circuit output current 
vs Supply voltage 
9 
vs Free-air temperature 
10 


vs Load resistance 
11 
AVD 
Large-signal differential voltage amplification 
vs Frequency 
12 
vs Free-air temperature 
13 


IDD 
Supply current 
vs Supply voltage 
14 
vs Free-air temperature 
15 


SR 
Slew rate 
vs Load capacitance 
16 
vs Free-air temperature 
17 


<l>m 
Phase margin 
vs Frequency 
12 
vs Load capacitance 
18 


Gain margin 
vs Load capacitance 
19 
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DISTRIBUTION 
OF TLC2872Z 
INPUT 
OFFSET 
VOLTAGE 


20 
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l!! 
••:E 
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E< 
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INPUT 
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Figure 3 


DISTRIBUTION 
OF TLC2872Z 
TEMPERATURE 
COEFFICIENT 


25 


128 Amplifiers 
From 
2 Wafer Lots 


20 
Voo 
=±2.5V 


'#. 
P Package 
I 
TA = 25°C to 150°C 
l!! 
.!!! 
15 
:!:: 
Q. 
E< 
'0 
•• 
10 
'" 
co 
C 
••E 
•• 
ll.. 
5 


0 
-5 
-4 
-3 
-2 
-1 
0 
2 
3 
4 
5 


aVIO - Temperature 
Coefficient -Ilvrc 


Figure 2 
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Macromodel 
information 
provided 
was derived 
using PSpice™ Parts™ model 
generation 
software. 
The Boyle 
macromodel 
(see Note 5) and subcircuit 
in Figure 20 were generated 
using the TLC2872Z 
typical 
electrical 
and 
operating 
characteristics 
at TA = 25°C. Using this information, 
output simulations 
of the following 
key parameters 
can be generated 
to a tolerance 
of 20% (in most cases): 


• 
Maximum 
positive 
output voltage 
swing 


• 
Maximum 
negative 
output voltage 
swing 


Unity gain frequency 


Common-mode 
rejection 
ratio 
• 
Slew 
rate 
• 
Phase margin 
• 
Quiescent 
power dissipation 
• 
DC output 
resistance 
• 
Input bias current 
• 
AC output 
resistance 
• 
Open-loop 
voltage 
amplification 
• 
Short-circuit 
output 
current 
limit 


NOTE 5: 
G. R. Boyle, B. M. Cohn, D. O. Pederson, andJ. E. Solomon, "Macromodeling 
of Integrated Circuit Operational Amplifiers," fEEEJoumaf 


of Solid-State 
Circuits, SC-9, 353 (1974). 
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Figure 20. Boyle Macromodel and Subcircuit 


PSgice 
and Parts are trademarks ot MicroSim COrporation. 


Macromodels, simulation models, or other models provided by T1, 
directly 
or Indirectly, 
are not wa"anted 
byTl 
88 fully 
representing 
all 
~. 
of the .pedicatlon 
.nd operstlng ch.rseteri.l!es 
of the 
., 
liEXAS 


semiconductor produet to whk:h the model rellte•. 
INSTRUMENTS 


TLC4501, TLC4501A,TLC4501Y 
Advanced 
LinEPICTM SELF-CALIBRATING 
(Self-CaFM) 
PRECISION OPERATIONAL AMPLIFIERS 
SLOS188 
- JANRUARY 
1997 


• 
Power-On Calibration 
of Input Offset 
Voltage 


• 
Low Input Offset Voltage ... 
< 40 /-lVMax 
(TLC4501A) 


• 
Low Input Offset Voltage Drift ... 
< 1 /-lVioC 


• 
Low Input Bias Current 
• 
High Output Drive Capability 
CL < 1 nF and RL > 1 kO 


• 
High Open Loop Gain ... 
> 120 dB 


• 
Rail-To-Rail Output Voltage Swing 


• 
Low Distortion 
... 
< 0.01% at 10kHz 


• 
Low Noise ... 
12 nVlv'HZ at 1 kHz 


• 
High Slew Rate ... 
2.5 VI/-ls 


• 
Low Power Consumption 
... 
< 1.5 mA (Typical) 


• 
Short Calibration 
Time ... 
300 ms Typ 


o PACKAGE 
(TOP VIEW) 


NCu 


8 
NC 


IN - 
2 
7 
VDD 
IN + 
3 
6 
OUT 


VDD _/GND 
4 
5 
NC 


description 


The TLC4501 self-calibrating operational amplifier utilizes the recent availability of on-chip digital and analog 
signal processing to automatically null the input offset voltage at powerup. This self-calibrating feature requires 
typically 300 ms to complete and is repeatable to within ±3 /-lV on successive calibrations. The technique 
involves the extraction and digital storage of the key offset-nulling information. This information is retained 
without degradation as long as the circuit is powered. This eliminates the need for continuous chopping of the 
input signal to refresh the offset information. Once the process is complete, the bulk of the calibration circuitry 
drops out of the signal path and shuts down. This minimizes or eliminates any effect the calibration circuitry 
might have on the desired signal path. It also allows the TLC4501 to be used exactly like any other operational 
amplifier after the calibration cycle is complete. 


The TLC4501 is a high-performance operational amplifier fabricated in a 1-/-lm5-V digital CMOS technology. 
It achieves very high dc gain, as well as excellent power supply rejection ratio (PSRR) and common-mode 
rejection ratio (CMRR). It uses a mixed-mode (analog/digital) internal compensation loop with digital storage 
of the offset information and a current-mode output to reduce its input offset to < 40 /-lV.The TLC4501 also 
features a rail-to-rail output structure capable of driving loads to 1 kO and 1 nF. Unlike existing commercially 
available low-offset high-precision amplifiers, the TLC4501 needs only a single 5-V supply, requires no 
trimming, and uses no bipolar transistors or JFETs. 


AVAILABLE 
OPTIONS 


PACKAGED 
DEVICEt 


TA 
VIOmax AT 25°C 
CHIP FORM 
SMALL 
OUTLINE 
(V) 
(D) 


40~V 
TLC4501 ACDR 
O°C to 70°C 
80~V 
TLC4501CDR 
TLC4501Y 
40~V 
TLC4501AIDR 
-40°C 
to 85°C 
80~V 
TLC45011DR 


~:~~~~O:1: 
s~~~~~~~sl~~~:~~r~~:: 
~~:~~~~~m~~~ 
.tandard 
warranty. 
Production 
processing 
does 
nol necessarily 
include 
testing of all parameters. 
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description 
(continued) 


To achieve 
high de gain, large bandwidth, 
high CMRR 
and PSRR, as well as good output 
drive capability, 
the 
TLC4501 
is built around 
a 3-stage 
topology: 
two gain stages, 
one rail-to-rail, 
and a class-AS 
output 
stage. 
A 
nested 
Miller topology 
is used for frequency 
compensation. 


ENABLE 


RC 
OSCILLATOR 


COUNTER 


RCO 


During the calibration 
procedure, 
the operational 
amplifier 
is removed 
from the signal path and both inputs are 


tied to GND. 


The class 
AS output 
stage 
features 
rail-to-rail 
voltage 
swing 
and incorporates 
additional 
switches 
to put the 
output node into a high-impedance 
mode during the calibration 
cycle. Small-replica 
output transistors 
(matched 
to the main output transistors) 
provide 
the amplifier 
output signal for the calibration 
circuit. 
The TLC4501 
also 
features 
built-in 
output 
short-circuit 
protection. 
The output 
current 
flowing 
through 
the main output 
transistors 


is continuously 
being sensed. 
If the current 
through 
either of these transistors 
exceeds 
the preset limit (60 mA 
- 70 mAl for more than about 1 IJ.S,the output transistors 
are shut down to essentially 
their quiescent 
operating 
point for approximately 
5 ms. The device is then returned 
to normal operation. 
If the short 
circuit is still in place, 


it is detected 
in less than 1 IJ.sand the device 
is shutdown 
for another 
5 ms. 


The offset cancellation 
uses a current-mode 
digital-to-analog 
converter 
(DAC), whose full-scale 
current 
allows 
for an adjustment 
of approximately 
±5 mV to the input offset voltage. 
The digital code producing 
the cancellation 


current 
is stored 
in the successive-approximation 
register 
(SAR). 


During 
power 
up, when the offset cancellation 
procedure 
is initiated, 
an on-chip 
RC oscillator 
is activated 
to 
provide the timing of the successive-approximation 
algorithm. 
To prevent 
wide-band 
noise from interfering 
with 
the calibration 
procedure, 
an analog 
low-pass 
filter followed 
by a Schmidt 
trigger 
is used in the decision 
chain 
to implement 
an averaging 
process. 
Once the calibration 
procedure 
is complete, 
the RC oscillator 
is deactivated 
to reduce 
supply 
current 
and the associated 
noise. 


The key operational-amplifier 
parameters 
CMRR, 
PSRR, 
and offset drift were optimized 
to achieve 
superior 
offset performance. 
The TLC4501 
calibration 
DAC is implemented 
by 
a binary-weighted 
current 
array 
using 
a pseudo-R-2R 
MOSFET 
ladder 
architecture, 
which 
minimizes 
the silicon 
area 
required 
for the calibration 
circuitry, 
and thereby 
reduces 
the cost of the TLC4501. 
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description 
(continued) 


Due to the performance 
(precision, 
PSRR, CMRR, 
gain, output 
drive, and ac performance) 
of the TLC4501, 
it 
is ideal for applications 
like: 


• 
Data acquisition 
systems 
• 
Medical 
equipment 
• 
Portable 
digital scales 
• 
Strain gauges 
• 
Automotive 
sensors 
• 
Digital audio circuits 
• 
Industrial 
control 
applications 


It is also ideal in circuits 
like: 


• 
A precision 
buffer for current-to-voltage 
converters, 
aid buffers, 
or bridge applications 
• 
High-impedance 
buffers 
or preamplifiers 
• 
Long term integration 
• 
Sample-and-hold 
circuits 
• 
Peak detectors 


The TLC4501 
self-calibrating 
operational 
amplifier 
is manufactured 
using Texas instruments 
linE PIC process 
technology 
and is available 
in an 8-pin SOIC (D) Package. 
The C-suffix devices 
are characterized 
for operation 
from O°C to 70°C. The I-suffix devices 
are characterized 
for operation 
from -40°C 
to 85°C. 
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TLC4501Y chip information 


This chip, when properly assembled, display characteristics similar to the TLC4501 C. Thermal compression 
or ultrasonic bonding may be used on the doped-aluminum bonding pads. This chip can be mounted with 
conductive epoxy or a gold-silicon preform. 


• 
1 


1'111'11111'1'1'1'1'111111111'1'111'111'1'111'111'1111111111111'111111111'11111'1' 


IN+ 
(3) 


IN- 
(2) 


CHIP THICKNESS: 
15 MILS TYPICAL 


BONDING 
PADS: 4 x 4 MILS MINIMUM 


TJmax = 150°C 


TOLERANCES 
ARE ±10%. 


ALL DIMENSIONS 
ARE IN MILS. 


PIN (4) IS INTERNALLY 
CONNECTED 
TO BACKSIDE 
OF CHIP• 
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 


Supply 
voltage, 
Voo+ 
(see Note 1) 
7 V 
Differential 
input voltage, 
VIO (see Note 2) 
±7 V 
Input voltage 
range, VI (any input, see Note 1) 
-0.3 
V to 7 V 


Input current, 
II (each input) 
±5 mA 
Output 
current, 
10 
± 100 mA 
Total current 
into VOO+ 
±100 
mA 
Total current 
out of Voo_/GND 
±100 
mA 
Electrostatic 
discharge 
(ESD) 
> 2 kV 
Duration 
of short-circuit 
current 
at (or below) 
25°C (see Note 3) 
unlimited 
Continuous 
total power 
dissipation 
See Dissipation 
Rating Table 
Operating 
free-air 
temperature 
range, TA: TLC4501 C 
O°C to 70°C 
TLC45011 
-40°C 
to 85°C 
Storage 
temperature 
range, Tstg 
-65°C 
to 150°C 
Case temperature 
for 60 seconds, 
Tc: FK package 
260°C 
Lead temperature 
1,6 mm (1/16 inch) from case for 10 seconds 
260°C 


t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions 
beyond those indicated under "recommended 
operating conditions" 
is not 
implied. Exposure to absolute-maxi mum-rated conditions for extended periods may affect device reliability. 


NOTES: 
1. 
All voltage values, except differential voltages, are with respect to VOO _/GNO. 


2. 
Oifferential voltages are at IN+ with respect to IN-. 
Excessive current flows when an input is brought below VOO- 
- 0.3 V. 


3. 
The output may be shorted to either supply. Temperature 
and/or supply voltages must be limited to ensure that the maximum 
dissipation rating is not exceeded. 


TAS25°C 
POWER RATING 


725mW 


DISSIPATION 
RATING TABLE 


DERATING 
FACTOR 
TA = 70°C 
ABOVE TA = 25°C 
POWER RATING 


5.8 mW/oC 
464 mW 


TA=85°C 
POWER RATING 


377mW 


TLC4501C 
TLC45011 
UNIT 
MIN 
MAX 
MIN 
MAX 


Supply voltage, VOO 
4 
6 
4 
6 
V 


Input voltage range, VI 
VOO- 
VOO+-2.3 
VOO- 
VOO+-2.3 
V 


Common-mode 
input voltage. VIC 
Voo- 
VOO+-2.3 
VOO- 
VOO+-2.3 
V 


Operating free-air temperature, 
TA 
0 
70 
-40 
85 
°C 
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electrical 
characteristics 
at specified 
free-air 
temperature, 
VOO = 5 V, GND = 0 (unless 
otherwise 


noted) 


TAt 
TLC4501C 
TLC4501AC 
PARAMETER 
TEST CONDITIONS 
MIN 
TYP 
MIN 
TYP 
MAX 
UNIT 
MAX 


Input offset 
25°C 
-80 
80 
-40 
40 
VIO 
voltage 
Full range 
-80 
80 
-40 
40 
IlV 


Temperature 


aVIO 
coefficient of 
Full range 
1 
1 
IlV/oC 
input offset 
VDD =±2.5 
V, 
VO=O, 


voltage 
VIC=O, 
RS =50n 


Input offset cur- 
25°C 
1 
1 


110 
rent 
Full range 
500 
500 


pA 


25°C 
1 
1 
lIB 
Input bias current 


Full range 
pA 
500 
500 


10H = - 500 IlA 
25°C 
4.99 
4.99 


VOH 
High-level output 
25°C 
4.9 
4.9 
V 
voltage 
10H =-5 
mA 


Full range 
4.7 
4.7 


VIC =2.5 V, 
10L = 500 IlA 
25°C 
0.01 
0.01 


VOL 
Low-level output 
25°C 
0.1 
0.1 
V 
voltage 
VIC =2.5 V, 
IOL=5 
mA 
Full range 
0.3 
0.3 


Large-signal 
VIC =2.5 V, 
VO=1 
Vt04V, 
25°C 
200 
1000 
200 
1000 
AVD 
differential voltage 
V/mV 
amplification 
RL= 
1 kn, 
See Note 4 
Full range 
200 
200 


RI(D) 


Differential input 
25°C 
10 
10 
kn 
resistance 


RL 
Input resistance 
See Note 4 
25°C 
1012 
1012 
n 


CL 
Common-mode 
f = 10 kHz, 
P package 
25°C 
input capacitance 
8 
8 
pF 


zO 
Closed-loop 
AV= 
10, 
f=100kHz 
25°C 
1 
1 
n 
output impedance 


Common-mode 
VIC=Ot02.7V, 
25°C 
90 
100 
90 
100 
CMRR 
rejection ratio 
Vo = 2.5 V, 
dB 
RS = 1 kn 
Full range 
85 
85 


Supply-voltage 
VDD = 4 V to 6 V, 
25°C 
90 
100 
90 
100 
kSVR 
rejection ratio 
VIC=O, 
dB 


(~VDD ±/~VIO) 
No load 
Full range 
90 
90 


25°C 
1 
1.5 
1 
1.5 
IDD 
Supply current 
Vo = 2.5 V, 
No load 
mA 


Full range 
2 
2 


VIT(CAL) 


Calibration input 


Full range 
4 
4 
V 
threshold voltage 
t Full range is O°C to 70°C. 
NOTE 4: 
RL and CL values are referenced to 2.5 V. 
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electrical 
characteristics 
at specified 
free-air temperature, 
Voo = 5 V, GND = 0 (unless 
otherwise 
noted) 


TAt 
TLC45011 
TLC4501AI 


PARAMETER 
TEST CONDITIONS 
TYP 
MAX 
MIN 
TYP 
UNIT 
MIN 
MAX 


Input offset 
25°C 
-80 
60 
-40 
40 


VIO 
voltage 
Full range 
-80 
60 
-40 
40 
~V 


Temperature 


aVIO 
coefficient of 
Full range 
1 
1 
~V/oC 
input offset 
VDD =±2.5V, 
VO=O, 


voltage 
VIC=O, 
RS= 50Q 


Input offset cur- 
25°C 
1 
1 


110 
rent 
Full range 
500 
500 


pA 


25°C 
1 
1 


liB 
Input bias current 
Full range 
pA 
500 
500 


10H =-500~ 
25°C 
4.99 
4.99 


VOH 
High-level output 
25°C 
4.9 
4.9 
V 
voltage 
IOH =-5 
mA 
Full range 
4.7 
4.7 


VIC=2.5 
V, 
IOL=500~ 
25°C 
0.01 
0.01 


VOL 
Low-level output 
25°C 
0.1 
0.1 
V 
voltage 
VIC=2.5 
V, 
IOL=5 
mA 


Full range 
0.3 
0.3 


Large-signal 
VIC= 
2.5 V, 
VO=1Vt04V, 
25°C 
200 
1000 
200 
1000 


AVD 
differential voltage 
V/mV 
amplification 
RL = 1 kn, 
See Note 4 
Full range 
200 
200 


RI(D) 


Differential input 
25°C 
10 
10 
kQ 
resistance 


RL 
Input resistance 
See Note 4 
25°C 
1012 
1012 
Q 


CL 
Common-mode 
f = 10 kHz, 
P package 
25°C 
input capacitance 
6 
6 
pF 


zO 
Closed-loop 
AV= 10, 
f=100kHz 
25°C 
1 
1 
Q 
output impedance 


Common-mode 
VIC = 0 to 2.7 V, 
25°C 
90 
100 
90 
100 


CMRR 
rejection ratio 
VO=2.5V, 
dB 


RS= 
1 kQ 
Full range 
65 
65 


Supply-voltage 
VDD = 4 V to 6 V, 
25°C 
90 
100 
90 
100 


kSVR 
rejection ratio 
VIC=O, 
dB 
(6VDD +/6VIO) 
No load 
Full range 
90 
90 


25°C 
1 
1.5 
1 
1.5 


IDD 
Supply current 
VO=2.5V, 
No load 
mA 
Full range 
2 
2 


VIT(CAL) 
Calibration input 
Full range 
4 
4 
V 
threshold voltage 


t Full range is -40°C 
to 85°C. 


NOTE 4: 
RL and CL values are referenced to 2.5 V. 
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PARAMETER 
TEST CONDITIONS 
TAt 
TLC4501C,TLC4501AC 
UNIT 
MIN 
TYP 
MAX 


25°C 
1.5 
2.5 
V/IlS 
SR 
Slew rate at unity gain 
Va = 0.5 V to 2.5 V, 
CL = 100 pF 
Full range 
1 
V/IlS 


f= 10 Hz 
25°C 
70 
Vn 
Equivalent input noise voltage 
f = 1 kHz 
25°C 
12 
nV/VHZ 


Peak-to-peak 
equivalent input 
f = 0.1 to 1 Hz 
25°C 
1 
VN(PP) 
noise voltage 
f = 0.1 to 10 Hz 
25°C 
1.5 
IlV 


In 
Equivalent input noise current 
25°C 
0.6 
fAlVHZ 


Va = 0.5 V to 2.5 V, 
Av= 
1 
25°C 
0.02% 


THD + N 
Total harmonic distortion plus noise 
f = 10 kHz, 


AV= 
10 
25°C 
0.08% 
RL = 1 kn, 


CL = 100 pF 
AV= 
100 
25°C 
0.55% 


Gain-bandwidth 
product 
f = 10 kHz, 
RL = 1 kQ, 
25°C 
4.7 
MHz 
CL = 100 pF 


BOM 
Maximum output swing bandwidth 
VO(PP) =2V, 
AV=1, 
25°C 
1 
MHz 
RL = 1 kn, 
CL=100pF 


AV=-1, 
toO.1% 
25°C 
1.6 
Step = 0.5 V to 2.5 V, 
ts 
Senlingtime 
RL = 1 kQ, 
Ils 


CL = 100 pF 
to 0.01% 
25°C 
2.2 


<1>m 
Phase margin at unity gain 
RL = 1 kn, 
CL=100pF 
25°C 
74 


Calibration time 
25°C 
300 
ms 
t Full range is O°C to 70°C. 
NOTE 4: 
RL and CL values are referenced to 2.5 V. 
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TEST CONDITIONS 
TAt 
TLC45011. TLC4501AI 
UNIT 
PARAMETER 
MIN 
TYP 
MAX 


25°C 
1.5 
2.5 
V/Jls 
SR 
Slew rate at unity gain 
Vo = 0.5 V to 2.5 V, 
CL = 100 pF 
Full range 
1 
V/Jls 


f= 10 Hz 
25°C 
70 
Vn 
EqUivalent input noise voltage 
f= 
1 kHz 
25°C 
12 
nV/VHZ 


Peak-to-peak 
equivalent input 
f= 0.1 to 1 Hz 
25°C 
1 
VN(PP) 
noise voltage 
f = 0.1 to 10 Hz 
25°C 
1.5 
JlV 


In 
Equivalent input noise current 
25°C 
0.6 
fAlVHZ 


Vo = 0.5 V to 2.5 V, 
AV= 
1 
25°C 
0.02% 


THD+ 
N 
Total harmonic distortion plus noise 
f = 10 kHz, 


AV= 
10 
25°C 
0.08% 
RL = 1 kn, 
CL = 100 pF 
AV= 
100 
25°C 
0.55% 


Gain-bandwidth 
product 
f = 10 kHz, 
RL= 
1 kn, 
25°C 
4.7 
MHz 
CL = 100 pF 


80M 
Maximum output swing bandwidth 
VO(PP) =2 V, 
AV= 
1, 
25°C 
1 
MHz 
RL = 1 kn, 
CL=100pF 


AV=-1, 
toO.1% 
25°C 
1.6 
ts 
Settling time 
Step = 0.5 V to 2.5 V, 
RL = 1 kQ, 
Jls 


CL = 100 pF 
to 0.01% 
25°C 
2.2 


4>m 
Phase margin at unity gain 
RL = 1 kn, 
CL = 100 pF 
25°C 
74 


Calibration time 
25°C 
300 
ms 
t Full range is -40°C 
to 85°C. 
NOTE 4: 
RL and CL values are referenced to 2.5 V. 


~TEXAS 
INSTRUMENTS 


TLC4501, TLC4501A,TLC4501V 
Advanced LinEPICTMSELF-CALIBRATING 
(Self-CaFM) 
PRECISION OPERATIONAL AMPLIFIERS 
SLOS188-JANRUARY 
1997 


electrical 
characteristics 
at specified 
free-air temperature, 
Voo = 5 V, GND = 0, TA = 25°C (unless 


otherwise 
noted) 


TLC4501Y 
PARAMETER 
TEST CONDITIONS 
MIN 
TYP 
MAX 
UNIT 


VIO 
Input offset voltage 
10 
~V 


110 
Input offset current 
VDD=±2.5 
V, 
VO=O, 
1 
pA 
V\C=O, 
RS=50Q 


liB 
Input bias current 
1 
pA 


10H =-500~ 
4.99 
VOH 
High-level output voltage 
V 
10H =-5 
mA 
4.9 


VOL 
VIC =2.5 V, 
IOL=500~ 
0.01 
Low-level output voltage 
V 
VIC =2.5 V, 
10L= 5 mA 
0.1 


AVD 
Large-signal differential 
VIC =2.5 V, 
VO=1 
Vt04V, 
1000 
V/mV 
voltage amplification 
RL = 1 kQ, 
See Note 4 


R11D) 
Differential input resistance 
10 
kQ 


RL 
Input resistance 
See Note 4 
1012 
Q 


CL 
Common-mode 
input capacitance 
f = 10 kHz, 
P package 
8 
pF 


zO 
Closed-loop 
output impedance 
AV= 
10, 
t = 100 kHz 
1 
Q 


CMRR 
Common-mode 
rejection ratio 
VIC = 0 to 2.7 V, 
VO=2.5V, 
100 
dB 
RS = 1 kQ 


kSVR 
Supply-voltage 
rejection ratio (aVDD ±laVIO) 
VDD = ±2 V to ±3 V, 
VIC=O, 
100 
dB 
No load 


IDD 
Supply current 
VO=2.5V, 
No load 
1 
mA 


TLC4501Y 
PARAMETER 
TEST CONDITIONS 
UNIT 
MIN 
TYP 
MAX 


SR 
Slew rate at unity gain 
Vo = 0.5 V to 2.5 V, 
CL = 100 pF 
2.5 
V/~s 


Vn 
f= 
10 Hz 
70 
Equivalent input noise voltage 
f= 
1 kHz 
12 


nV/-ffiZ 


VN(PP) 


f = 0.1 to 1 Hz 
1 
Peak-to-peak 
equivalent input noise voltage 
f = 0.1 to 10Hz 
1.5 
~V 


In 
Equivalent input noise current 
0.6 
fA/-ffiZ 


Vo = 0.5 V to 2.5 V, 
AV= 
1 
0.02% 


THD + N 
Total harmonic distortion plus noise 
f=10kHz, 


AV= 10 
0.08% 
RL= 
1 kQ, 


CL = 100 pF 
AV= 100 
0.55% 


Gain-bandwidth 
product 
f = 10 kHz, 
RL= 
1 kQ, 
4.7 
MHz 
CL = 100 pF 


BOM 
Maximum output swing bandwidth 
VO(PP) = 2 V, 
AV= 
1, 
1 
MHz 
RL= 
1 kQ, 
CL = 100 pF 


AV=-1, 
toO.1% 
1.6 
ts 
Settling time 
Step = 0.5 V to 2.5 V, 
RL= 
1 kQ, 
~ 


CL=100pF 
to 0.01% 
2.2 


<l>m 
Phase margin at unity gain 
RL= 
1 kQ, 
CL = 100 pF 
74 


Calibration time 
300 
ms 
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FIGURE 


Distribution 
1,2,3 
Via 
Input offset voltage 
vs Common-mode 
input voltage 
4 


aV10 
Input offset voltage temperature 
coefficient 
Distribution 
5,6 


VOH 
High-level output voltage 
vs High-level output current 
7 


VOL 
Low-level output voltage 
vs Low-level output current 
8 


VO(PPI 
Maximum peak-to-peak 
output voltage 
vs Frequency 
9 


10S 
Short-circuit output current 
vs Free-air temperature 
10 


Va 
Output voltage 
vs Differential input voltage 
11 


AVO 
Large-signal differential voltage amplification 
vs Free-air temperature 
12 
vs Frequency 
13 


Zo 
Output impedance 
vs Frequency 
14 


CMRR 
Common-mode 
rejection ratio 
vs Frequency 
15 
vs Free-air temperature 
16 


SR 
Slew rate 
vs Load capacitance 
17 
vs Free-air temperature 
18 


Inverting large-signal pulse response 
vs Time 
19 


Voltage-follower 
large-signal pulse response 
vs Time 
20 


Inverting small-signal 
pulse response 
vs Time 
21 


Voltage-follower 
small-signal 
pulse response 
vs Time 
--' 
22 


Vn 
Equivalent input noise voltage 
vs Frequency 
23 


Input noise voltage 
Over a 10-second period 
24 


THD+ 
N 
Total harmonic distortion plus noise 
vs Frequency 
25 


Gain-bandwidth 
product 
vs Free-air temperature 
26 


<l>m 
Phase margin 
vs Load capacitance 
27,28 


vs Frequency 
13 


PSRR 
Power-supply 
rejection ratio 
vs Free-air temperature 
29 


Calibration time at -40°C 
vs Time 
30 


Calibration time at 25°C 
vs Time 
31 


Calibration time at 85°C 
vs Time 
32 
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POWER SUPPLY REJECTION RATIO 
vs 
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• 
The TLC4501 is designed to operate with only a single 5-V power supply, have true differential inputs, and 
remain in the linear mode with an input common-mode voltage of O. 


• 
The TLC4501 has a standard single-amplifier pinout allowing for easy design upgrades. 


• 
Large differential input voltages can be easily accommodated and, as input differential-voltage protection 
diodes are not needed, no large input currents result from large differential input voltage. Protection should 
be provided to prevent the input voltages from going negative more than -0.3 V at 25°C. An input clamp 
diode with a resistor to the device input terminal can be used for this purpose. 


• 
For ac applications, where the load is capacitively coupled to the output of the amplifier, a resistor can be 
used from the output of the amplifier to ground. This increases the class-A bias current and prevents 
crossover distortion. Where the load is directly coupled, for example dc applications, there is no crossover 
distortion. 


• 
Capacitive loads, which are applied directly to the output of the amplifier, reduce the loop stability margin. 
Values of 500 pF can be accommodated using the worst-case noninverting unity-gain connection. Resistive 
isolation should be considered when larger load capacitance must be driven by the amplifier. 


The following typical application circuits emphasize 
operation on only a single power supply. When 
complementary power supplies are available, the TLC4501 can be used in all of the standard operational 
amplifier circuits. In general, introducing a pseudo-ground (a bias voltage of V,/2 like that generated by the 
TLE2426) allows operation above and below this value in a single-supply system. Many application circuits are 
shown which take advantage of the wide common-mode input-voltage range of the TLC4501 , which includes 
ground. In most cases, input biasing is not required and input voltages that range to ground can easily be 
accommodated. 
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• 
Power On Calibration 
of Input Offset 
Voltage 


• 
Low Input Offset Voltage ... 
< 50 l!V Max 
(TLC4502A) 


• 
Low Input Offset Voltage Drift ... 
< 1 l!V/oC 


• 
Low Input Bias Current 
• 
High Output Drive Capability 
CL < 1 nF and RL > 1 kQ 


• 
High Open Loop Gain ... 
> 120 dB 
• 
Rail-To-Rail Output Voltage Swing 


• 
Low Distortion 
... 
< 0.01% at 10 kHz 


• 
Low Noise ... 
12 nVlv'HZ at 1 kHz 


• 
High Slew Rate ... 
2.5 Vll!s 


• 
Low Power Consumption 
... 
< 1.5 mA (Typical) Per Amplifier 


• 
Short Calibration 
Time ... 
300 ms Typ 


description 


The TLC4502 self-calibrating operational amplifier utilizes the recent availability of on-chip digital and analog 
signal processing to automatically null the input offset voltage at power-up. This self-calibratingfeature requires 
typically 300 ms to complete and is repeatable to within ±3 l!V on successive calibrations. The technique 
involves the extraction and digital storage of the key offset-nulling information. This information is retained 
without degradation as long as the circuit is powered. This eliminates the need for continuous chopping of the 
input signal to refresh the offset information. Once the process is complete, the bulk of the calibration circuitry 
drops out of the signal path and shuts down. This minimizes or eliminates any effect the calibration circuitry 
might have on the desired signal path. It also allows the TLC4502 to be used exactly like any other operational 
amplifier after the calibration cycle is complete. 


The TLC4502 is a high-performance operational amplifier fabricated in a 1-l!m 5-V digital CMOS technology. 
It achieves very high dc gain, as well as excellent power supply rejection ratio (PSRR) and common-mode 
rejection ratio (CMRR). It uses a mixed-mode (analog/digital) internal compensation loop with digital storage 
of the offset information and a current-mode output to reduce its input offset to < 50 l!V. The TLC4502 also 
features a rail-to-rail output structure capable of driving loads to 1 kQ and 1 nF. Unlike existing commercially 
available low-offset high-precision amplifiers, the TLC4502 needs only a single 5-V supply, requires no 
trimming, and uses no bipolar transistors or JFETs. 


AVAILABLE 
OPTIONS 


o PACKAGE 
(TOP VIEW) 


10UTQ8 
VDD 
11N - 
2 
7 
20UT 


11N+ 
3 
6 
21N- 


VDD _/GND 
4 
5 
21N+ 


PACKAGED 
DEVICEt 


TA 
Vlomax 
AT 25°C 
CHIP FORM 
SMALL 
OUTLINE 
(Y) 
(D) 


5011V 
TLC4502ACDR 
O°C to 70°C 


1OO11V 
TLC4502CDR 
TLC4502Y 


5011V 
TLC4502AIDR 
-40°C 
to 85°C 


1OO11V 
TLC45021DR 


PRODUCTION 
DATA 
informatIon 
i, current 
as 
of 
publication 
date. 


Productt 
conform 
to specifications 
per the terms 
of Texas Instruments 


standard 
warranty. 
Production 
processIng 
does 
not necessarily 
include 


testing 
of all parameters. 
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description 
(continued) 


To achieve 
high dc gain, large bandwidth, 
high CMRR 
and PSRR, 
as well as good output 
drive capability, 
the 
TLC4502 
is built around 
a 3-stage 
topology: 
two gain stages, 
one rail-to-rail, 
and a class-AS 
output 
stage. 
A 
nested 
Miller topology 
is used for frequency 
compensation. 


functional 
block diagram 
(during calibration) 


voo 


ENABLE 


RC 
OSCILLATOR 


COUNTER 


RCO 


During the calibration 
procedure, 
the operational 
amplifier 
is removed 
from the signal path and both inputs are 


tied to GND. 


The class AS output 
stage features 
rail-to-rail 
voltage 
swing 
and incorporates 
additional 
switches 
to put the 
output node into a high-impedance 
mode during the calibration 
cycle. Small-replica 
output transistors 
(matched 
to the main output transistors) 
provide 
the amplifier 
output 
signal for the calibration 
circuit. The TLC4502 
also 
features 
built-in 
output short-circuit 
protection. 
The output 
current 
flowing 
through 
the main output 
transistors 
is continuously 
being sensed. 
If the current 
through 
either of these transistors 
exceeds 
the preset limit (60 mA 
- 70 mAl for more than about 1J.1s,the output transistors 
are shut down to essentially 
their quiescent 
operating 
point for approximately 
5 ms. The device is then returned 
to normal operation. 
If the short 
circuit is still in place, 


it is detected 
in less than 1 J.1sand the device 
is shutdown 
for another 
5 ms. 


The offset cancellation 
uses a current-mode 
digital-to-analog 
converter 
(DAC), whose full-scale 
current 
allows 


for an adjustment 
of approximately 
±5 mV to the input offset voltage. 
The digital code producing 
the cancellation 
current 
is stored 
in the successive-approximation 
register 
(SAR). 


During 
power 
up, when the offset cancellation 
procedure 
is initiated, 
an on-chip 
RC oscillator 
is activated 
to 
provide 
the timing of the successive-approximation 
algorithm. 
To prevent 
wide-band 
noise from interfering 
with 
the calibration 
procedure, 
an analog 
low-pass 
filter followed 
by a Schmidt 
trigger 
is used in the decision 
chain 
to implement 
an averaging 
process. 
Once the calibration 
procedure 
is complete, 
the RC oscillator 
is deactivated 
to reduce 
supply 
current 
and the associated 
noise. 


The key operational-amplifier 
parameters 
CMRR, 
PSRR, 
and offset drift were optimized 
to achieve 
superior 
offset performance. 
The TLC4502 
calibration 
DAC is implemented 
by a binary-weighted 
current 
array using a 
pseudo-R-2R 
MOSFET 
ladder 
architecture, 
which 
minimizes 
the 
silicon 
area 
required 
for the 
calibration 
circuitry, 
and thereby 
reduces 
the cost of the TLC4502. 
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description 
(continued) 


Due to the performance 
(precision, 
PSRR, 
CMRR, 
gain, output drive, and ac performance) 
of the TLC4502, 
it 
is ideal for applications 
like: 


• 
Data acquisition 
systems 
• 
Medical 
equipment 
• 
Portable 
digital 
scales 
• 
Strain 
gauges 
• 
Automotive 
sensors 
• 
Digital audio circuits 
• 
Industrial 
control 
applications 


It is also ideal in circuits 
like: 


• 
A precision 
buffer for current-to-voltage 
converters, 
aid buffers, 
or bridge 
applications 
• 
High-impedance 
buffers 
or preamplifiers 
• 
Long term integration 
• 
Sample-and-hold 
circuits 
• 
Peak detectors 


The TLC4502 
self-calibrating 
operational 
amplifier 
is manufactured 
using Texas instruments 
LinEPIC 
process 
technology 
and is available 
in an 8-pin SOIC (D) Package. 
The C-suffix 
devices 
are characterized 
for operation 
from O°C to 70°C. The I-suffix devices 
are characterized 
for operation 
from -40°C 
to 85°C. 
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TLC4502V chip information 


This chip, when properly assembled, display characteristics similar to the TLC4502C. Thermal compression 
or ultrasonic bonding may be used on the doped-aluminum bonding pads. This chip can be mounted with 
conductive epoxy or a gold-silicon preform. 


11N+ 
(3) 


11N- 
(2) 


21N+ 


(6) 
21N- 


CHIP THICKNESS: 
15 MILS TYPICAL 


BONDING 
PADS: 4 x 4 MILS MINIMUM 


TJmax = 150·C 


TOLERANCES 
ARE ±10%. 


ALL DIMENSIONS 
ARE IN MILS. 


PIN (4) IS INTERNALLY 
CONNECTED 
TO BACKSIDE 
OF CHIP. 
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 
Supply voltage, Voo+ (see Note 1) 
7 V 
Differential input voltage, VIO (see Note 2) 
±7 V 
Input voltage range, VI (any input, see Note 1) 
-0.3 V to 7 V 
Input current, II (each input) 
±5 mA 
Output current, 10 (each output) 
± 100 mA 
Total current into Voo+ 
±100 mA 
Total current out of Voo_/GND 
± 100 mA 
Electrostatic discharge (ESD) 
> 2 kV 
Duration of short-circuit current at (or below) 25°C (see Note 3) 
unlimited 
Continuous total power dissipation 
See Dissipation Rating Table 
Operating free-air temperature range, TA: TLC4502C 
O°Cto 70°C 
TLC45021 
-40°C to 85°C 
Storage temperature range, Tstg 
-65°C to 150°C 
Case temperature for 60 seconds, Tc: FK package 
260°C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds 
260°C 


t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions 
beyond those indicated under "recommended 
operating conditions" 
is not 
implied. Exposure to absolute-maximum-rated 
conditions for extended periods may affect device reliability. 


NOTES: 
1. 
All voltage values, except differential voltages, are with respect to VDD _/GND. 


2. 
Differential voltages are at IN+ with respect to IN-. 
Excessive current flows when an input is brought below VDD- 
- 0.3 V. 
3. 
The output may be shorted to either supply. Temperature 
and/or supply voitages 
must be limited to ensure that the maximum 
dissipation rating is not exceeded. 


DISSIPATION 
RATING TABLE 


TA'; 
25°C 
DERATING FACTOR 
TA = 70°C 
POWER RATING 
ABOVE TA = 25°C 
POWER RATING 


725 mW 
5.8 mW/oC 
464 mW 


TA = 85°C 
POWER RATING 


377mW 


TLC4502C 
TLC45021 
UNIT 
MIN 
MAX 
MIN 
MAX 


Supply voltage, VDD 
4 
6 
4 
6 
V 


Input voltage range, VI 
VDD- 
VDD+-2.3 
VDD- 
VDD+-2.3 
V 


Common-mode 
input voltage, VIC 
VDD- 
VDD+-2.3 
VDD- 
VDD+-2.3 
V 


Operating free-air temperature, 
TA 
0 
70 
-40 
85 
°C 


~TEXAS 
INSTRUMENTS 


TLC4502, TLC4502A, TLC4502Y 
Advanced LinEPICTM SELF-CALIBRATING 
(Self-CaFM) 
PRECISION DUAL OPERATIONAL AMPLIFIERS 
SLOS161 A - OCTOBER 
1996 - REVISED 
NOVEMBER 
1996 


electrical 
characteristics 
at specified 
free-air 
temperature, 
Voo = 5 V, GND = 0 (unless 
otherwise 
noted) 


TAt 
TLC4502C 
TLC4502AC 
PARAMETER 
TEST CONDITIONS 
UNIT 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


Input offset 
25°C 
-100 
100 
-50 
50 
VIO 
voltage 
Full range 
-100 
100 
-50 
50 
~V 


Temperature 


aVIO 
coefficient of input 
Full range 
1 
1 
~V/oC 
offset voltage 
VOO =±2.5V, 
VO=O, 


Input offset 
VIC=O, 
RS=50n 
25°C 
1 
1 
110 
current 
Full range 
500 
500 
pA 


25°C 
1 
1 
liB 
Input bias current 
Full range 
pA 
500 
500 


IOH=-500~ 
25°C 
4.99 
4.99 


VOH 
High-level output 
25°C 
4.9 
4.9 
V 
voltage 
IOH =-5 
mA 
Full range 
4.7 
4.7 


V'C=2.5V, 
IOL=500~ 
25°C 
0.01 
0.01 


VOL 
Low-level output 
25°C 
0.1 
0.1 
V 
voltage 
VIC=2.5V, 
IOL=5 
mA 
Full range 
0.3 
0.3 


Large-signal 
VIC =2.5 V, 
VO=1Vt04V, 
25°C 
200 
1000 
200 
1000 
AVO 
differential voltage 
V/mV 
amplification 
RL = 1 kl1, 
See Note 4 
Full range 
200 
200 


RI(O) 


Differential input 
25°C 
10 
10 
kl1 
resistance 


RL 
Input resistance 
See Note 4 
25°C 
1012 
1012 
n 


CL 
Common-mode 
f=10kHz, 
P package 
25°C 
input capacitance 
8 
8 
pF 


zO 
Closed-loop 
AV= 
10, 
f= 100kHz 
25°C 
1 
1 
n 
output impedance 


Common-mode 
VIC=Ot02.7V, 
25°C 
90 
100 
90 
100 
CMRR 
rejection ratio 
Vo = 2.5 V, 
dB 
RS = 1 kl1 
Full range 
85 
85 


Supply-voltage 
VOO = 4 V to 6 V, 
25°C 
90 
100 
90 
100 
kSVR 
rejection ratio 
VIC=O, 
dB 
(·<wOO±It,vIO) 
No load 
Full range 
90 
90 


100 
Supply current 
25°C 
2.5 
3.5 
2.5 
3.5 
Vo = 2.5 V, 
No load 
mA 
Full range 
4 
4 


VIT(CAL) 
Calibration input 
Full range 
4 
4 
V 
threshold voltage 
t Full range is O°C to 70°C. 
NOTE 4: 
RL and CL values are referenced to 2.5 V. 
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electrical 
characteristics 
at specified 
free-air temperature, 
Voo = 5 V, GND = 0 (unless 
otherwise 
noted) 


TAt 
TLC45021 
TLC4502AI 
PARAMETER 
TEST CONDITIONS 
UNIT 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


Input offset 
2SoC 
-100 
100 
-SO 
SO 
VIO 
voltage 
Full range 
-100 
100 
-SO 
SO 
~V 


Temperature 
CLVIO 
coefficient of input 
Full range 
1 
1 
~V/oC 
offset voltage 
VOO =±2.SV, 
VO=O, 


Input offset 


VIC=O, 
RS=SOn 
2SoC 
1 
1 


110 
current 
Full range 
SOO 
500 
pA 


2SoC 
1 
1 


liB 
Input bias current 
Full range 
500 
pA 
500 


10H=-SOO~ 
2SoC 
4.99 
4.99 


VOH 
High-level output 
2SoC 
4.9 
4.9 
V 
voltage 
10H=-SmA 
Full range 
4.7 
4.7 


VIC=2.SV, 
10L=SOO~ 
2SoC 
0.01 
0.01 


VOL 


Low-level output 
2SoC 
0.1 
0.1 
V 
voltage 
VIC =2.SV, 
10L=S 
mA 
Full range 
0.3 
0.3 


Large-signal 
VIC=2.SV, 
VO= 
1 Vt04 
V, 
2SoC 
200 
1000 
200 
1000 
AVO 
differential voltage 
V/mV 
amplification 
RL = 1 k!l, 
See Note 4 
Full range 
200 
200 


RI(O) 
Differential input 
2SoC 
10 
10 
kn 
resistance 


RL 
Input resistance 
See Note 4 
2SoC 
1012 
1012 
n 


CL 
Common-mode 
f=10kHz, 
P package 
2SoC 
input capacitance 
8 
8 
pF 


zO 
Closed-loop 
AV= 
10, 
f = 100 kHz 
2SoC 
1 
1 
n 
output impedance 


Common-mode 
VIC = 0 to 2.7 V, 
2SoC 
90 
100 
90 
100 
CMRR 
rejection ratio 
Vo = 2.S V, 
dB 
RS= 
1 kQ 
Full range 
8S 
8S 


Supply-voltage 
VOO = 4 V to 6 V, 
25°C 
90 
100 
90 
100 
kSVR 
rejection ratio 
VIC=O, 
dB 


(6VOO ±/6VI0) 
No load 
Full range 
90 
90 


2SoC 
2.S 
3.S 
2.S 
3.S 
100 
Supply current 
VO=2.S 
V, 
No load 
mA 
Full range 
4 
4 


VIT(CAL) 


Calibration input 
Full range 
4 
4 
V 
threshold voltage 
t Full range is -40°C 
to 8SoC. 


NOTE 4: 
RL and CL values are referenced to 2.S V. 
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PARAMETER 
TEST CONDITIONS 
TAt 
TLC4502C,TLC4502AC 
UNIT 
MIN 
TYP 
MAX 


25°C 
1.5 
2.5 
V/IlS 
SR 
Slew rate at unity gain 
Vo = 0.5 V to 2.5 V, 
CL=100pF 
Full range 
1 
V/IlS 


1= 10 Hz 
25°C 
70 
Vn 
Equivalent input noise voltage 
1= 1 kHz 
25°C 
12 
nV/VHZ 


VN(PP) 


Peak-to-peak 
equivalent input noise 
1= 0.1 to 1 Hz 
25°C 
1 


voltage 
1=0.1 
tol0Hz 
25°C 
1.5 
IlV 


In 
Equivalent input noise current 
25°C 
0.6 
IAlVHZ 


Vo = 0.5 V to 2.5 V, 
AV= 
1 
25°C 
0.02% 


THD + N 
Total harmonic distortion plus noise 
1= 10 kHz, 


AV=10 
25°C 
0.08% 
RL = 1 kn, 
CL=100pF 
AV= 100 
25°C 
0.55% 


Gain-bandwidth 
product 
1= 10 kHz, 
RL= 
1 kil, 
25°C 
4.7 
MHz 
CL=100pF 


80M 
Maximum output swing bandwidth 
VO(PP) = 2 V, 
AV=l, 
25°C 
1 
MHz 
RL = 1 kn, 
CL=l00pF 


AV=-l, 
toO.l% 
25°C 
1.6 
Step = 0.5 V to 2.5 V, 


ts 
Settling time 
RL = 1 kn, 
Ils 


CL=100pF 
to 0.01% 
25°C 
2.2 


<l>m 
Phase margin at unity gain 
RL = 1 kil, 
CL=100pF 
25°C 
74 


Calibration time 
25°C 
300 
ms 
t Full range is O°C to 70°C. 
NOTE 4: 
RL and CL values are relerenced to 2.5 V. 
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PARAMETER 
TEST CONDITIONS 
TAt 


TLC45021. TLC4502AI 


UNIT 
MIN 
TYP 
MAX 


25°C 
1.5 
2.5 
V/Jls 
SR 
Slew rate at unity gain 
Va = 0.5 V to 2.5 V, 
CL = 100 pF 
Full range 
1 
V/Jls 


f= 10 Hz 
25°C 
70 
Vn 
Equivalent input noise voltage 
f= 
1 kHz 
25°C 
12 
nV/..rHZ 


Peak-to-peak 
equivalent input noise 
f = 0.1 to 1 Hz 
25°C 
1 
VN(PP) 
voltage 
f=0.1t010Hz 
25°C 
1.5 
JlV 


In 
Equivalent input noise current 
25°C 
0.6 
fAI..rHZ 


Va = 0.5 V to 2.5 V, 
Av= 
1 
25°C 
0.02% 


THD+ 
N 
Total harmonic distortion plus noise 
f = 10 kHz, 


AV= 
10 
25°C 
0.08% 
RL = 1 kQ, 


CL = 100 pF 
AV= 100 
25°C 
0.55% 


Gain-bandwidth 
product 
f = 10 kHz, 
RL= 
1 kQ, 
25°C 
4.7 
MHz 
CL = 100 pF 


BOM 
Maximum output swing bandwidth 
VO(PP) =2 V, 
AV= 
1, 
25°C 
1 
MHz 
RL = 1 kQ, 
CL = 100 pF 


AV=-1, 
toO.1% 
25°C 
1.6 


ts 
Settling time 
Step = 0.5 V to 2.5 V, 
RL = 1 kQ, 
JlS 


CL = 100 pF 
to 0.01% 
25°C 
2.2 


<Pm 
Phase margin at unity gain 
RL = 1 kQ, 
CL = 100 pF 
25°C 
74 


Calibration time 
25°C 
300 
ms 
t Full range is -40°C 
to 85°C. 


NOTE 4: 
RL and CL values are referenced to 2.5 V. 
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electrical 
characteristics 
at specified 
free-air temperature, 
VOO = 5 V, GND = 0, TA = 25°C (unless 
otherwise 
noted) 


TLC4502Y 
PARAMETER 
TEST CONDITIONS 
UNIT 
MIN 
TYP 
MAX 


VIO 
Input offset voltage 
10 
IN 


110 
Input offset current 
VOO=±2.5 
V, 
VO=O, 
1 
pA 
VIC=O, 
RS = 50Q 
liB 
Input bias current 
1 
pA 


10H = - 500 lJ.A 
4.99 
VOH 
High-level output voltage 
V 
10H =-5 
mA 
4.9 


VIC =2.5 V, 
10L = 500 lJ.A 
0.01 
VOL 
Low-level output voltage 
V 
VIC =2.5 V, 
10L= 5 mA 
0.1 


AVO 
Large-signal 
differential 
VIC=2.5 
V, 
VO=1 
Vt04V, 
1000 
V/mV 
voltage amplification 
RL= 
1 kll, 
See Note 4 


RICO) 
Oifferential input resistance 
10 
kQ 


RL 
Input resistance 
See Note 4 
1012 
Q 


CL 
Common-mode 
input capacitance 
f = 10 kHz, 
P package 
8 
pF 


zO 
Closed-loop 
output impedance 
AV= 
10, 
f = 100 kHz 
1 
Q 


CMRR 
Common-mode 
rejection ratio 
VIC = 0 to 2.7 V, 
VO=2.5V, 
100 
dB 
RS = 1 kQ 


kSVR 
Supply-voltage 
rejection ratio (6VOO ±/6VI0) 
VOO = ±2 V to ±3 V, 
VIC=O, 
100 
dB 
No load 


100 
Supply current 
VO=2.5V, 
No load 
2.5 
mA 


TLC4502Y 
PARAMETER 
TEST CONDITIONS 
UNIT 
MIN 
TYP 
MAX 


SR 
Slew rate at unity gain 
Vo = 0.5 V to 2.5 V, 
CL=100pF 
2.5 
V/flS 


f = 10 Hz 
70 
Vn 
Equivalent input noise voltage 
f = 1 kHz 
12 
nV/'I'HZ 


f =0.1 to 1 Hz 
1 
VN(PP) 
Peak-to-peak 
equivalent input noise voltage 
f = 0.1 to 10Hz 
1.5 
flV 


In 
Equivalent input noise current 
0.6 
fA/'I'HZ 


Vo = 0.5 V to 2.5 V, 
AV= 
1 
0.02% 


THO+ 
N 
Total harmonic distortion plus noise 
f= 
10kHz, 


AV= 
10 
0.08% 
RL = 1 kll, 


CL = 100 pF 
AV= 
100 
0.55% 


Gain-bandwidth 
product 
f = 10 kHz, 
RL= 
1 kQ, 
4.7 
MHz 
CL = 100 pF 


BOM 
Maximum output swing bandwidth 
VO(PP) = 2V, 
AV= 
1, 
1 
MHz 
RL = 1 kll, 
CL=100pF 


AV=-1, 
toO.1% 
1.6 


ts 
Settling time 
Step = 0.5 V to 2.5 V, 
RL= 
1 kQ, 
fls 


CL = 100 pF 
to 0.01% 
2.2 


<l>m 
Phase margin at unity gain 
RL = 1 kll, 
CL = 100 pF 
74 


Calibration time 
300 
ms 
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FIGURE 


Distribution 
1,2,3 
VIO 
Input offset voltage 
vs Common-mode 
input voltage 
4 


aVIO 
Input offset voltage temperature 
coefficient 
Distribution 
5,6 


VOH 
High-level output voltage 
vs High-level output current 
7 


VOL 
Low-level output voltage 
vs Low-level output current 
8 


VOIPPl 
Maximum peak-to-peak 
output voltage 
vs Frequency 
9 


10S 
Short-circuit 
output current 
vs Free-air temperature 
10 


Vo 
Output voltage 
vs Differential input voltage 
11 


AVO 
Large-signal 
differential voitage amplification 
vs Free-air temperature 
12 
vs Frequency 
13 


Zo 
Output impedance 
vs Frequency 
14 


CMRR 
Common-mode 
rejection ratio 
vs Frequency 
15 
vs Free-air temperature 
16 


SR 
Slew rate 
vs Load capacitance 
17 
vs Free-air temperature 
18 


Inverting large-signal pulse response 
vs Time 
19 


Voltage-follower 
large-signal pulse response 
vs Time 
20 


Inverting small-signal 
pulse response 
vs Time 
21 


Voltage-follower 
small-signal 
pulse response 
vs Time 
22 


Vn 
Equivalent input noise voltage 
vs Frequency 
23 


Input noise voltage 
Over a 10-second period 
24 


THO + N 
Total harmonic distortion plus noise 
vs Frequency 
25 


Gain-bandwidth 
product 
vs Free-air temperature 
26 


Phase margin 
vs Load capacitance 
27,28 


<Pm 
vs Frequency 
13 


PSRR 
Power-supply 
rejection ratio 
vs Free-air temperature 
29 


Calibration time at - 40°C 
vs Time 
30 


Calibration time at 25°C 
vs Time 
31 


Calibration time at 85°C 
vs Time 
32 
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• 
The TLC4502 is designed to operate with only a single 5-V power supply, have true differential inputs, and 
remain in the linear mode with an input common-mode voltage of O. 


• 
The TLC4502 has a standard dual-amplifier pinout allowing for easy design upgrades. 


• 
Large differential input voltages can be easily accommodated and, as input differential-voltage protection 
diodes are not needed, no large input currents result from large differential input voltage. Protection should 
be provided to prevent the input voltages from going negative more than -0.3 V at 25°C. An input clamp 
diode with a resistor to the device input terminal can be used for this purpose. 


• 
For ac applications, where the load is capacitively coupled to the output of the amplifier, a resistor can be 
used from the output of the amplifier to ground. This increases the class-A bias current and prevents 
crossover distortion. Where the load is directly coupled, for example dc applications, there is no crossover 
distortion. 


• 
Capacitive loads, which are applied directly to the output of the amplifier, reduce the loop stability margin. 
Values of 500 pF can be accommodated using the worst-case noninverting unity-gain connection. Resistive 
isolation should be considered when larger load capacitance must be driven by the amplifier. 


The following typical application circuits emphasize operation on only a single power supply. When 
complementary power supplies are available, the TLC4502 can be used in all of the standard operational 
amplifier circuits. In general, introducing a pseudo-ground (a bias voltage of V,/2 like that generated by the 
TLE2426) allows operation above and below this value in a single-supply system. Many application circuits are 
shown which take advantage of the wide common-mode input-voltage range of the TLC4502, which includes 
ground. In most cases, input biasing is not required and input voltages that range to ground can easily be 
accommodated. 


~TEXAS 
INSTRUMENTS 


TLC4502, TLC4502A, TLC4502Y 
Advanced LinEPICTMSELF-CALIBRATING 
(Self-CaFM) 
PRECISION DUAL OPERATIONAL AMPLIFIERS 


SLOS161 A - OCTOBER 
1996 - REVISED 
NOVEMBER 
1996 


Rl 
R2 
R3 


V(REF)+ 
90kQ 
9kQ 
1 kQ 


V(REF)--~ 


-=- 


Gain = 10 


VDD 


0.1 pF 


Rp 
3 
VI1 
1 kQ 


Rp 


VI2 
1 kQ 


(Gain 
= 10) 


(Gain 
= 100) 


Vo 
= (V11 - VI2)( 1 + R4 ~6 RS) + V(REF) 
Where R1 = R6, R2 = RS, and R3 = R4 


( 
)( 
RS + R6) 
Vo 
= 
VI1 - 
VI2 
1 + ~ 
+ V(REF) 
Where R1 = R6, R2 = RS, and R3 = R4 


IOAl 
ILOAD 
.-.-- 
----+ 


7 


~TEXAS 
INSTRUMENTS 


TLC4502, TLC4502A,TLC4502Y 
Advanced LinEPICTM SELF-CALIBRATING 
(Self-CaI™) 
PRECISION DUAL OPERATIONAL AMPLIFIERS 
SLOS161 A - OCTOBER 
1996 - REVISED 
NOVEMBER 
1996 


IOA3 
10 
+-- -+ 
1 
Vo 


IOA1 
+-- 


7 


(R5)(2R1 
) 
Vo 
= VI R3 
R 
G + 1 
1 V(REF) 


1~1. 


~TEXAS 
INSTRUMENTS 


TLC4502, TLC4502A,TLC4502Y 
Advanced LinEPICTMSELF-CALIBRATING 
{Self-CaI™) 
PRECISION DUAL OPERATIONAL AMPLIFIERS 
SLOS161A- 
OCTOBER 
1996 - REVISED 
NOVEMBER 
1996 


~TEXAS 
INSTRUMENTS 


TLC4502,TLC4502A,TLC4502Y 
Advanced LinEPICTM SELF-CALIBRATING 
(Self-CaFM) 
PRECISION DUAL OPERATIONAL AMPLIFIERS 
SLOS161 A - OCTOBER 
1996 - REVISED 
NOVEMBER 
1996 


10 = 1 AmplV 
VI 


(Increase 
RE for 10 small) 
-=- 


~TEXAS 
INSTRUMENTS 


General Information (Volume A) 


Audio Power Amplifiers 


Operational Amplifiers 


Mechanical Data 


General Information (Volume B) 


Operational Amplifiers 
(Continued) 


Comparators 


Special Functions 


Mechanical Data 


s: 
C'D 
(') 
::r 
m 
~-. 
(') 
m- 
C 
m 
•••• 
m 


Electrical characteristics presented in this data book, unless otherwise noted, apply for the circuit type(s) listed in the 
page heading regardless of package. The availability of a circuit function in a particular package is denoted by an 
alphabetical reference above the pin-connection diagram(s). These alphabetical references refer to mechanical 
outline drawings shown in this section. 


Factory orders for circuits described in this data book should include a four-part type number as shown in the following 
example. 


Prefix 


MUST CONTAIN TWO OR THREE LETIERS 


TL, TLE 
TI Linear Products 
TLC 
TI Linear Silicon-Gate CMOS Products 


STANDARD SECOND-SOURCE PREFIXES 


AD 
Analog Devices 
LF, LM. or LP 
National 
LT 
Linear Technology 
MC 
Motorola 
NE, SA, or SE 
Signetics 
OP 
PMI 
RC, RM, or RV 
Raytheon 
uA 
Fairchild/National 


Unique 
Circuit 
Description 
Including 
Temperature 
Range 


MUST CONTAIN TWO OR MORE CHARACTERS 
(from individual data sheets) 


Examples: 
10 
34070 
592 
1451AC 
7757 
2217-285 


Package 


MUST CONTAIN ONE, TWO, OR THREE LETIERS 


D, DB, DBV, DW, DWP, FK, J, JG. N, NE, p. PW, U, W 
(from pin-connection diagrams on individual data sheet) 


Available 
Taped and Reeled 
or Left-Ended 
Taped and Reeled 


R - Available Taped and Reeled 
LE - Available Only Left-Ended Taped and Reeled 


TEXAS .Jf 
INSlRUMENlS 


Circuits are shipped in one of the carriers below. Unless a specific method of shipment is specified by the customer 
(with possible additional costs), circuits will be shipped via the most practical carrier. 


Dual-In-Line (J, JG, N, NE, P) 
Shrink Small Outline (DB, DBV) 
- A-Channel Antistatic or 
- Tape and Reel 
Conductive Plastic Tubing 
Thin Shrink Small Outline (PW) 
- Tape and Reel 


Small Outline (0, OW, DWP) 
- Tape and Reel 
- Antistatic or Conductive 
Plastic Tubing 


Chip Carriers (FK) 
- Antistatic or Conductive 
Plastic Tubing 


Flat (U, W) 
- Milton Ross Carriers 
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INSTRUMENTS 


PLASTIC 
SMALL-OUTLINE 
PACKAGE 


PINS •• 


8 
14 
16 
DIM 


A MAX 
0.197 
0.344 
0.394 
(5,00) 
(8,75) 
(10,00) 


A MIN 
0.189 
0.337 
0.386 


(4,80) 
(8,55) 
(9,80) 


D (R-PDSO-G"") 


14 PIN SHOWN 


f 
-r 
0.244 (6,20) 


I 
0.228 (5,80) 


0.157 (4,00) 
0.150 (3,81) 


~ 


0.044 (1,12) 


0.016 (0,40) 
rbllDllDllDJj~ 
t 
0.010(O,2~ 
0.069 (1,75) MAX 
0.004 (0,10) 


NOTES: 
A. 
All linear dimensions 
are in inches (millimeters). 


B. 
This drawing is subject to change without notice. 


C. 
Body dimensions 
do not include mold flash or protrusion, not to exceed 0.006 (0,15). 
D. 
Falls within JEDEC MS-012 
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DB (R-POSO-G") 


28 PIN SHOWN 
1r 


0,38 I-$-I 
0,15 @I 
O,22~~--- 


15m 
5,60 
8,20 
5,00 
7,40 


~ 


~ 
8 
14 
16 
20 
24 
28 
30 
38 
DIM 


A MAX 
3,30 
6,50 
6,50 
7,50 
8,50 
10,50 
10,50 
12,90 


A MIN 
2,70 
5,90 
5,90 
6,90 
7,90 
9,90 
9,90 
12,30 


NOTES: 
A. 
All linear dimensions 
are in millimeters. 


B. 
This drawing is subject to change without notice. 
C. 
Body dimensions 
do not include mold flash or protrusion not to exceed 0,15. 


D. 
Falls within JEDEC MO-150 
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3,00 
2,50 


NOTES: 
A. 
All linear dimensions are in millimeters. 


B. 
This drawing is subject to change without notice. 


C. 
Body dimensions 
include mold flash or protrusion. 
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1~ 


0.020 (0,51) 
1-$-1 0.010 (0 25) @ 1 
0.014 (0,35) 
, 


11 


Thermal 
Pad 0.150 
(3,81) 
x 0.170 
(4,31) NOM 
(see Note C) 
1----, 
I 
I 
I 
I 
I 
L 
-.J 


0.299 (7,59) 


0.293 (7,45) 
I 
0.430 (10,92) 


~ 
0.411 (10,44) 


0.510 (12,95) 
0.500 (12,70) 


~ 
0.096 (2,43) MAX 
0.000 (0,00) 


NOTES: 
A. 
All linear dimensions 
are in inches (millimeters). 


B. 
This drawing is subject to change without notice. 
C. 
The thermal 
performance 
may be enhanced 
by bonding the thermal pad to an external thermal plane. This solderable 
pad is 
electrically and thermally connected to the backside of the die and leads 1, 10, 11 and 20. 
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FK (S-CQCC-N**) 


28 TERMINAL 
SHOWN 


18 
17 
16 
15 
14 
13 
12 


19 
11 


20 


21 
9 
BSQ 
22 
8 
ASQ 
Wl 


7 


6 


25 
5 


26 
27 
28 
2 
3 
4 


0.020 (0,51) --.I f4- 
. 
0.010(0,25) 
IU 


~ 


NOTES: 
A. 
All linear dimensions are in inches (millimeters). 
B. 
This drawing is subject to change without notice. 


C. 
This package can be hermetically 
sealed with a metal lid. 
D. 
The terminals are gold plated. 


E. 
Falls within JEDEC MS-004 


NO. OF 
A 
B 
TERMINALS 
** 
MIN 
MAX 
MIN 
MAX 


20 
0.342 
0.358 
0.307 
0.358 
(8.69) 
(9,09) 
(7,80) 
(9,09) 


0.442 
0.458 
0.406 
0.458 
28 
(11,23) 
(11,63) 
(10,31) 
(11,63) 


0.640 
0.660 
0.495 
0.560 
44 
(16,26) 
(16,76) 
(12,58) 
(14,22) 


0.739 
0.761 
0.495 
0.560 
52 
(18,78) 
(19,32) 
(12,58) 
(14,22) 


68 
0.938 
0.962 
0.850 
0.858 


(23,83) 
(24,43) 
(21,6) 
(21,8) 


1.141 
1.165 
1.047 
1.063 
84 
(28,99) 
(29,59) 
(26,6) 
(27,0) 


0.020 (0,51) 


0.010 (0,25) 


0.080 (2,03) 
0.064 (1,63) 
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J (R-GDIP-T**) 


14 PIN SHOWN 


0.020 (0,51) MIN 
R~"~ 
••• 
Seating 
Plane 
r 
0.130 (3,30) MIN 
jL,."",,,t- 


0.015 (0,38) 


~ 
14 
16 
18 
20 
DIM 


A MAX 
0.310 
0.310 
0.310 
0.310 
(7,87) 
(7,87) 
(7,87) 
(7,87) 


A MIN 
0.290 
0.290 
0.290 
0.290 
(7,37) 
(7,37) 
(7,37) 
(7,37) 


BMAX 
0.785 
0.785 
0.910 
0.975 
(19,94) 
(19,94) 
(23,10) 
(24,77) 


B MIN 
0.755 
0.755 
-- 
0.930 
(19,18) 
(19,18) 
(23,62) 


C MAX 
0.280 
0.300 
0.300 
0.300 
(7,11) 
(7,62) 
(7,62) 
(7,62) 


C MIN 
0.245 
0.245 
0.245 
0.245 
(6,22) 
(6,22) 
(6,22) 
(6,22) 


0.014 (0,36)Jl 
0.008 (0,20) 


NOTES: 
A. 
All linear dimensions are in inches (millimeters). 
B. 
This drawing is subject to change without notice. 


C. 
This package can be hermetically sealed with a ceramic lid using glass frit. 


D. 
Index point is provided on cap for terminal identification 
only on press ceramic glass frit seal only. 
E. 
Falls within MIL-STD-1835 
GDIP1-T14, 
GDIP1-T16, 
GDIP1-T18, 
and GDIP1-T20 
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0.400 (10,20) 
0.355 (9,00) 


4 
0.065 
(1,65) 
0.045 (1,14) 


0.310 (7,87) 
0.290 (7,37) 
0.020 
(0,51) MIN +--. 


J0.200 (~'08)MAX 


~ 
Sealing Plane 


0.130 (3,30) MIN 
jL 0.023 (0,58; 
0.015 (0,38) 
Jl 
~0°-15° 


0.014 (0,36) 
0.008 (0,20) 


NOTES: 
A. 
All linear dimensions are in inches (millimeters). 
B. 
This drawing is subject to change without notice. 
C. 
This package can be hermetically 
sealed with a ceramic lid using glass frit. 


D. 
Index point is provided on cap for terminal identification 
only on press ceramic glass frit seal only. 
E. 
Falls within MIL-STD-1835 
GDIP1-T8 
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N (R-PDIP-T**) 


16 PIN SHOWN 


CA==J 
E::::::]3:~: 
~ I.- 
0.070 (1~78)MAX 


~ 
20 
14 
16 
18 
DIM 


A MAX 
0.775 
0.775 
0.920 
0.975 
(19.69) 
(19,69) 
(23.37) 
(24,77) 


A MIN 
0.745 
0.745 
0.850 
0.940 
(18,92) 
(18,92) 
(21.59) 
(23,88) 


r 


0.310 (7,87) 
0.290 (7,37) 


JL 
~ 
0.100 (2,54) I 


0.021 (0,53) 
-I Lb..~I-----1 
0.015 (0,38) 
'V 
0.010 (0,25) @ 
"'" 
('''' 
NOMJL 


NOTES: 
A. 
All linear dimensions 
are in inches (millimeters). 
B. 
This drawing is subject to change without notice. 


C. 
Falls within JEDEC MS-OOl (20 pin package is shorter then MS-001.) 
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NE (R-PDIP-T**) 


20 PIN SHOWN 


--.j 
~ 
0.070(l,78)MAX 


20 
1 
I 
11 
E::::::::IJ 


~. 
16 
20 
DIM 


MIN 
--- 
0.914 (23,22) 


A 
MAX 
0.780 (19,80) 
0.975 (24,77) 


MIN 
--- 
0.930 (23,62) 


B 
MAX 
--- 
1.000 (25,40) 


MIN 
0.240 (6,10) 
0.260 (6,61) 


C 
MAX 
0.260 (6,60) 
0.280 (7,11) 


1.-1 0.100 (2,54) 
1 


A ------i-+-=:l)MIN 
10.200 (5~08)MAX 


Seating 
Plane 


0.155 (3,94) 
0.125 (3,17) 


II 
0.021 (0,533) 1-$-1 Of010 (0 25) 1M' I 
-.I~ 
0.015 (0,381). 
.' 
, 
~. 


'4 
B 
iC'51)MIN 


~ 


10'2OO(5~08)MAX 
==-----.1--- 
Seating 
Plane 
T 
~!~4) 
0.125 (3,17) 


-.J 
1.-10.100(2,54) 1 
II 
0.021 (0,533) 1-$-10:10(025)@IJL 
-.I~ 
0.015 (0,381) .. 
' 
. 
0.010 (0,25) NOM 


NOTES: 
A. 
All linear dimensions are in inches (millimeters). 


B. 
This drawing is subject to change without notice. 


C. 
Falls within JEDEC MS-001 (16 pin only) 
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This drawing is subject to change without notice. 
C. 
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NOTES: 
A. 
All linear dimensions 
are in millimeters. 


B. 
This drawing is subject to change without notice. 


C. 
Body dimensions 
do not include mold flash or protrusion not to exceed 0,15. 


D. 
Falls within JEDEC MO-153 
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NOTES: 
A. 
All linear dimensions 
are in inches (millimeters). 


B. 
This drawing is subject to change without notice. 
C. 
This package can be hermetically 
sealed with a ceramic lid using glass fnt. 


D. 
Index point is provided on cap for terminal identification 
only. 
E. 
Falls within MIL STD 1835 GDFP1-F10 
and JEDEC MO-092AA 
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NOTES: 
A. 
All linear dimensions are in inches (millimeters). 


B. 
This drawing is subject to change without notice. 


C. 
This package can be hermetically 
sealed with a ceramic lid using glass frit. 


D. 
Index point is provided on cap for terminal identification 
only. 


E. 
Falls within MIL STD 1835 GDFP1-F14 
and JEDEC MO-092AB 
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